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1 New Vat- Advances Rayon Washabiity 


Viscose and acetate blends dyed 
by the new method emerge with the 
closest uniformity of color since the 
dye can be made to penetrate differ- 
ent fibers with greater value. 

For acetate rayon Vat-Craft offers 

vat-dyeing without saponification 
and with color stability. Gas fading, 
too, is eliminated. 
The Vat-Craft Unit is plont. Compact, it can be installed in feet. Development of the Vat-Craft 
Phe 3 stops of the process include a bath for special vat colors — a both for sensitizers, includ- process was carried on in close co- 
. rudio-active source materials —and a@ photochemical developing chamber to fix the dyes. operation with the American Viscose 
technical staff. The first commercial 
machine has already been installed 
and is in operation, 


Aa entirely new concept in vat-dye- expected to speed the time when 
ing, called Vat-Craft, has been per- all rayons will achieve maximum 
fe@ted. The commercial application  washability as a matter of standard 
ofvat dyes can now be extended to _ procedure. 

fabrics containing fibers which nor- Vat-Craft is the only known meth- 
mplly have a low affinity for these —_ od of vat-dyeing viscose rayon piece 
djes. These fabrics will have vat- goods without appreciable tension 
die resistance to sunlight, washing, _ or distortion. There can be no “tail- 


MAKE USE OF pansies 


4-PLY SERVICE 


To encourage continued improvement 
in rayon fabrics, American Viscose 
Corporation conducts research and 
offers technical service in these fields: 

1 FIBER RESEARCH 

2 FABRIC DESIGN 

3 FABRIC PRODUCTION 


4 FABRIC FINISHING 


AMERICAN: VISCOSE 
CORPORATION 


America’s largest producer of rayon 
Sales Offices: 350 Fifth Avenue, New York 1, 


N. Y.; Charlotte, N. C.; Cleveland, Ohio; 
Philadelphia, Pa.; Providence, R. 1. 


ofocking, perspiration, fading, ing” and no migration of color—the 
shrinkage, etc, The new process is _ end of the run will match the start. 


New York, January, 1990— 
Lamp shades are a growing 
market for rayon, with both 
boudoir and living room types 
being featured in many stores. 


New Yor, January, 1990-- 
iG { : Rayon wigs are being imported 


New Yorn, January, 1950—- 
Rayon dresses and underwear 
are prominently featured in the 
mid-winter issue of the Sears, 
Roebuck catalogue. 


for use on mannequins. 
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Mr. Boss Dyer 


|e same material, same 
color, same shade— 
identical in appearance— 
\ but what a difference 
the ‘Scott Tester reveals! 
: Can you evaluate different brands of the “‘same’”’ 
i, dyestuff for their effect on your goods? The 
* effect of different brands of the “‘same”’ dyestuff 
3 on the physical characteristics of finished thread 
Bi or fabric expected to be identical, is often 
7. amazing. A Scott Tester reveals it, surely and 


clearly, in a picturized chart that serves you 
initially in selection of dyestuffs and subsequently 
in production control. 
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Mechanics of Elastic Performance of ‘Textile 
Materials 
III. Some Aspects of Stress Analysis of Textile Structures— 
Continuous-Filament Yarns * 


Milton M. Platt 


Fabric Research Laboratories, Inc., Boston, Mass 


Abstract 
Stress-analvsis methods for textile materials are dlustrated through a study of the forces pro 
duced when a continuous-lilament varn ts stressed in tension It is shown that the effects of yarn 


twist and varn size on the tensile properties of singles continuous-tlament yarns depend upon the 


stress distribution 


istics, both for one-time loading to rupture and repeated stress, as a 


The influence of fiber inherent properties ts deseribed and illustrated by 


Mathematical formulas are derived to express variations in tensile character 


nection of irn geometry 


experimental data ob 


tained for viscose rayon, acetate rayon ind nvion of Various ingle yoomeces 


Introduction 


Stress analysis is that branch of physics which is 
concerned with the quantitative determination of 
internal stresses and strains produced in a body as 
the result of external loads and deformations. 
Methods of stress analysis have found wide applica- 
tion in the fields of structural and mechanical engi- 
neering, Where quantitative evaluation of internal 
forces and movements is an absolute requirement 


for useful, economical, and safe design. Used in 


* This paper was delivered at the Fall Meeting of the Fiber 
Society, September, 1947, Princeton, N J 

Parts I and II in this series appeared in the February and 
December, 1948, issues of Textine ResparcH JOURNAL 


conjunction with sound design principles, stress 
analysis has made possible the complete blueprint 
ing of engineering structures where particular end 
use properties of these structures are desired and 
can be formulated. 

There are tremendous possibilities inherent in 
the use of stress analysis for the design of textile 
structures, [ts application to mechanical fabrics, 
cords, ropes, ete., where load-carrying capacity 
and, or stability of size are Important, ts obvious 
Just as important, however, would be its applica- 
tion to the many other types of textile structures 
Such end-use requirements as crush-resistance of 
fabrics, the combined 


apparel performance of 
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coated or laminated tabrics, ete all depend toa 
degree upon the inherent properties of the basi 
fibers and materials comprising the structure 
lHlowever, the geometric form of these fibers and 
the type of construction used determine the manner 
in Which these fibers react to the external forces 
applied in the course of use of the material, and 
hence influence the utihty of the structure to a 
marked deyret 

The need tor studving the intluence of geometry 
on the manner in which stresses are distributed 
in textile structures has been emphasized by various 
workers in the field The nfluence of geometry 
has been termed “‘torm factor ettects Work of 
both an empirical and a theoretical mature has 
ilready been done along these lines, most of which 
1s related to deserb ny the fundamental geometry 
of certain textile structures These workers 
clude Backer, lertel, Hotte, Peirce, 
Womersley, and others. However, complete the 
oretical analysis has been bimuted chiefly by two 
properties of textile structures, one inherent and 
the other arising as a result of geometry, namely 

1. bkeveryv textile fiber DOSSESSES nonlinear stress 
strain curve for the ordinary rates of loading or 
straiing Henee, any textile structure im general 
will exhibit: non-Hookean characteristics, making 
it impossible to describe textile performance by 
the direct use of well-known engineering formulas 


This does not climinate the possibility of usime 


CROSS-SECTIONAL VIEW 


metr 


engineering concepts as a fundamental guide in 
solving textile problems. Instead, it indicates that 
the complete solution of «a textile problem involving 
at iM nds Upon a quantitative knowledge ot 
the fundamental stress-strain properties of the fiber 

2. kvery textile structure, beginning with the 

represents a stat cally inc terminate body, 11} 
which means that stress distribution cannot be 
established from merely a consideration of the laws 
of static equilibrium, but that, in addition, the 
deformation of the structure must be considered 
\n illustration of statie indeterminacy is furnished 
by comparing the determination of the end sup- 
porting forces of a two-span beam vs. a single-span 
bean These forees can always be found for a 
single-span beam by using the “law of moments” 


iken about either end support \n analvsis will 
show such a procedure to be insufficient for the 
twoespan beam This latter case can be solved 
only by considering the deformations in the beam 

The Othee of The Quartermaster General has 
been sponsornmng a long-term research program 
umed toward the understanding of the influence of 
form factors on the translation of inherent physical 
properties of fibers into textile structures, and the 
establishment in quantitative formulas of the rela 


between inherent properties and strive 


tural properties Phe work herein reported ts part 


this program Logical sequences of construc 


tions of tiber length, including continuous filament 
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varn twist; varn size; fabric and ends and 


weave 
picks per in., have been selected for experimental 
evaluation and theoretical interpretation and gen- 
eralization. 

This the 


fiber type, yarn size, and yarn twist on the transla- 


paper serves to present influence of 
tion of inherent fiber properties into continuous- 
filament singles yarns. Additional papers will be 
forthcoming on the effects of fiber length and twist 
on staple-varn properties and, later, on the effects 


of weave and fabric geometry. 


Geometry of Singles Continuous-Filament Yarns 


rhe first step in the stress analysis of any struc- 
ture consists in defining the geometry of the body, 


assumption of no 


usually by assuming an ideal physi¢al form. 


oretical analysis demands the 


variability in form, and a compromise between 
duplicating actual average shape and the adoption 
of a geometry which is easy to visualize and handle 
mathematically. The final check for the ration- 
ality of any assumptions is determined partially by 
judgment, and more convincingly by the agreement 
between the results arrived at using the assumptions 
and any experimental results 

The following initial assumptions will be made 

1. The varn is uniform along its length, and its 
cross-sectional outline is circular 


2. All the 


properties and are circular in cross section 


fibers within a varn same 


possess 
3. The center line of each fiber lies in a perfect 
helix, with the center of the helix located at the 


center of the varn cross section 


General stresses tn fibers 


, and m assumed 0), 


4. The fibers fall into a rotationally svmmetri 


array in cross-sectional view 
5. The diameter of the yarn is large compared 
with the fiber diameter 

These assumptions result in a yarn geometry 
illustrated by Figure 1 The helix angle, 6, shown 
in (a) represents the angle between yarn and fiber 
the fibers only 


axes of outside 


Assumption 4 
describes this angle as equal for all fibers which fall 
into the outer sheath of the vara Any other laver 


of fibers, such as those shown in (>) to lie at a dis 


tance r from the varn axis, possesses a helix angle 


designated by @, 
A general equation relating helix angle, turns per 


in., and diameter can be found in the literat ore [6] 


and will not be derived here The relationship 


follows 


VrkD, (1) 


tan 


where 6 helix angle; V varn twist (turns pet 


dr bounding diameter of layer of fibers 


and 


geometric al constant 


fiber diameter (in.) 
Equation (1) indicates that for a 
twist V, 


given Varn 
which is constant for all the fibers, the 
tangent of the helix angles of any laver of fibers is 
linearly proportional to the distance of the group 
from the yarn center, just so long as A is constant 
By assumption 5, the ratio dD ts « onsidered to be 
small relative to unity and hence, except for those 
fibers positioned close to the varn axis, A will be 
approximately 1 In addition, for those fibers close 
to the varn axis, the helix angle approaches 0, and 
hence, as will be seen later, variations in A’ will 
not influence the stress distribution to any signifi- 


cant degree 
Forces in Fibers 
A. Component I:flect 


The application of an external tensile load, P, 


along the axis of a varn results in forces being 


applied to the various fibers. In general, the only 
stresses which can possibly act on the cross section 
of a fiber are: (1) a tensile force, p,, direction along 
the fiber axis and normal to the fiber cross section; 
(2) a shear force, v, acting tangential to the fiber 
cross section; (3) a bending moment, m; (4) a tor- 


sional moment, / These stresses are illustrated in 


Figure 2 
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It is now assumed that the fibers are perfectly 
flexible members, incapable of resisting any axial 


compressive forces. Because of the extremely low 
modulus of elasticity of textile fibers, in addition to 
the extremely ratio of fiber 


diameter, this is a reasonable assumption 


large length to fiber 


\s a 


result of this assumption, the stresses m, v, and ¢ 


vanish, ard the only fiber force acting is a direct 
tension, p Phe concept of perfect flexibility is 
not an uncommon one in engineering The clas- 


sical design of the long cables of a suspension bridge 


depends upon the tensile 


other 


only 


that 


acting, as 1s the case for 


assumption 


forces are many 


structures 


Since p,, which parallels the fiber axis, represents 


the only force acting upon a fiber, then it is appar 


ent that the contribution of p, toward the total 
load P acting on the yarn in tension is 
per fiber 2 
Pherefore 
P cos 3 
equation (3 states that if the axial tension 


carned by each tiber is multiplied by the cosine of 
the helix angle of that fiber, and all such products 
are summed, the total will 


tensile load acting on the varn 


represent the axial 
The completion 
of such a summation demands knowledge of -p, tor 
each fiber layer, within which @ Such 


a method would be tedious and require a new solu 


is constant 


tion for each 


Varn size considered, 


and hence at 
simpler mathematical form of equation (3) has been 


derived 


It is now 


assumed that the individual fibers in 


the varn are considered to be consolid ited mto an 


equivalent solid continuous medium rather than a 
group of discretely individual fibers. However, it 


is still considered that at a distance r from the varn 


(a) (4) 
LONG/TUDINAL V/EW 


CROSS - SECTION 
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center, the force, p,, remains inclined to the yarn 
axis at the angle @, which the fiber at that position 


possessed previously. In addition, the total trans- 


formed yarn denier is assumed to be unchanged 


The cross-sectional area of this new yarn will be 


discussed later 


\s a result of this transformation it is now 


possible to treat the yarn as a continuous rather 


than a discontinuous medium, with the use of dif- 


ferential elements of area as opposed to individual 


fibers. Fieure 3 illustrates the element of 


it 


ut 


force, 
acting on the element of area defined by the 
shaded annular ring 

Phe magnitude of the force dp, is equal to the 


product of the stress intensity (force per unit area) 


f,, and the element of area, dA, normal to the force 


Reference to Figure 3 will show that this may be 


written as 


2arjdr’ 4) 
However, it is apparent that 


dr’ drcos@ 
Lherefore 


dp f2er cos 6dr 5) 


The component of the force, dp,, parallel to the 


varn axis, dP,, mav be written 


dP dp cos 4 Jerr cos’ 6dr. 6) 


all forces, 


axial varn load and its found from 


The sum of represents the total 


P dP | fr cos? 0dr (7) 


In order to integrate equation (7) it is necessary 


to express both f, and @ 


as functions of r rom 
equation (1 
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Fic. 4. Effect of helix angle a» 

g 
ultlization of filament strength (com 
Donent ¢ 


low twist yarn 


5 effect of heltx angle on fila 


ment forces (component effect) 


how twist yarn 


which becomes for the assumed solid vart 


dy ar) 
tan @ Vr 
tan 6, &) 
From the identity 
1 
cos: 4 
1 + tan*@ 


it is apparent that 


cos’ 6, 


1 


Substituting equation (9) 0 equation (7) 


rar 


f () 
f 1 + 


Phe evaluation of the dependency of f, upon 7 


will be deseribed later. Equation (10) was derived 


without any consideration of the inherent proper 


ties of the fibers comprising the yarn It is cde- 


pendent only upon yarn geometry and hence applies 


to continuous-flament varns made of any fibers 


which satisfy the assumptions previously given 


Since the equation was derived from laws of static 


composition of forces, the effect is termed the ‘‘com- 


(a) (4) 


Aigh twist yarn 


AP, 


(a) (4) 
Aigh twist yarn 


eflect 


Phe component effect results in 


ponent 
the important fact that the higher the helix angle 


the greater the fiber tensile stresses when a given 


axial load acts on a continuous-hlament varn, since, 
increases when 


onversely, 


from equation (10), the value of f 
P is held constant. ¢ 


with equal fiber stresses, the most highly twisted 


V inereases and 


the lowest axial yarn load, since P 
held and N 


illustrated in Figures 4 


varn will have 


decreases as f, constant mcreases 


These effects are and § 


B. Serigraph Effect 


Iquation (10) requires for its solution expressing 


f,, the tensile stress intensity, as a function of r, 
the distance from the yarn center \ first approxi 
mation would be to assume f constant with r (1.e., 
equal stress intensity at all points in the yarn cross 
section). However, conditions of continuity of dis 
tortion must be satisfied, and, as stated previously, 
indeterminate structures 
The 
“serigraph effect” quantitatively establishes the ef- 
fect of the 


Whereas the « omponent effect 1s general, ce pendent 


the solution of statically 
requires a study of the deformations involved 
distortions distribution 


upon stress 


only upon yarn geometry, the ser igraph effect, while 


f 
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Deformations in twisted 


Fic. 6 


varns 


caused by yarn geometry, depends for its magnitude 
upon inherent fiber properties 

Because of the helix angle, the actual length of 
inclined Hbers in a given length of varn exceeds the 
the 
related to the cosine of the helix angle 


varn axial length, excess being functionally 


Figure 6 
isa sketch of a yarn with two filaments, one inclined 
at an angle @ to the yarn axis and the other parallel 


to the varn axis. The yarn is shown with an 
AL 
extension AL, or an equivalent axtal strain ] 


AL 
This varn axial strain, ] 


strain of the center fiber 


, also represents the unit 


which has a helix angle 


of 0 The inclined fiber possesses a length 


cos 
that the absolute 


elongation of the inclined fiber can be very closely 


From Figure 6 it is apparent 


approximated as 


ALs AL cos 


Therefore, the unit strain, e, in any fiber inclined 
at an angle @ to the varn axis mav be determined 


from 
AL cos 0 AL 
or 


e(tiber) e(varn) cos? 12) 


Since cos? @ ts equal to or less than unity, it is clear 


that for all helix angles greater than zero the tiber 
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strain is less than the varn strain. In addition, as 
shown by equation (9), the farther the fiber from 
the varn axis the greater the value of 8, and, there- 
fore, the smaller the value of cos? @. Hence, the 
farther the fiber from the varn axis the smailer the 


fiber strain. Substituting equation (9) into (12): 


= (13) 
1+ 
(es = strain in fiber inclined at angle @ to yarn axis; 
é) = Varn strain or strain in uninclined fibers.) 


For any textile fiber, strain is functionally related 
to stress for given testing conditions such as rate of 
loading or straining. The magnitude of the stress 
being borne by a fiber when it is strained a given 
be found from the stress-strain dia- 


amount may 


gram for that particular fiber. Usually it is found 
that as the strain decreases the stress also decreases, 
an exception being the dip in a stress-strain curve 
beyond the vield point when tests are made slowly 
at a constant rate of elongation. It has just been 
shown that the strains present in a loaded yarn 
the distance of the filament from the 


vary with 


yarn axis. The center filaments (@ = 0°) are always 


subjected to greater strains than are any of the 


\ more precise expression, based on assuming Poisson's 
rat is 
(l +e + 
(1 + @)(1 + 40° 


The above equation should be used if very high helix angles 
or fiber el mMyations are encounter d 


STRESS IN GRAMS PER UNIT AREA 
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Fic. 7. 
for 600 208 O.3 acetate 
of 000-denter varn 


Stress-strain diagram (constant rate of load) 


varn 7A Cross sectional area 
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other filaments. Hence, the center filaments can 
be stressed to rupture while the remaining filaments 
are stressed below their rupture loads. As soon as 
the center filaments fail, there occurs a rapid pro- 
gressive rupturing of all remaining filaments and 
the varn breaks. As a result, the full breaking 
strength of the sum of the filaments theoretically 
can never be attained. Instead, the maximum 
strength of the yarn is limited by the sum of the 
components of the fiber forces when the center 
fibers have reached their ultimate elongation. 
When this yarn elongation is reached, only a por- 
tion of the strength of the inclined fibers contributes 
to yarn strength. The precise amount of this 
contribution depends upon the stress-strain curve 
of the material, in addition to the magnitude of the 
helix angle, and will now be evaluated for 600, 208 
acetate Varn. 

The stress-strain diagram of 600,208 0.3 acetate 
The curve was obtained 
from a constant-rate-of-load IP-2 machine. Since 
the yarn twist is so slight, it is assumed that the 


varn is shown in Figure 7. 


fiber inclination is negligible. 

Now, at yarn rupture the stress intensity carried 
932 
A 
A is the cross-sectional area of the varn) at a 
strain of 0.280. 
are subjec ted to a strain of: 


by the fibers is equal to g. per unit area (where 


Fibers inclined to the varn axis 


0.280 
1 + 49°.N°r? 
and are carrying a stress of P A g. per unit area. 
From Figure 7 it is seen that the shape of the stress- 
strain curve close to rupture is essentially linear. 


Fic. 8. Tensile stress distribution 


in singles yarn 


The equation for this portion of the stress-strain 
curve may be written as: 


P.A — 932 A 780 A 2240 
0.213 0.280 0.213 A 
Thus 
P 22406 + 304 
«f= (15) 
A A 


Substituting equation (14) into equation (15) 


628 
1 42° 
A 


+ 304 
(16) 


Equation (16) defines the stress distribution, f, at 
varn rupture as a function of yarn twist, N, and 
distance of the fiber from the yarn center, 7. It is 
apparent from this equation that, for a given yarn 
twist, the further the fiber from the yarn center 
the smaller the stress carried by that fiber at yarn 
rupture. In addition, for a given yarn size, the 
greater the yarn twist the less the fiber stress at a 
given distance from the yarn center. Figure 8 
illustrates the variations of stresses within singles 
varns in accordance with equation (16). 

The determination of the variance of stress with 
position as determined by equation (16) now per- 
mits the integration of equation (10) for the 600/208 
acetate yarn. Following substitution of (16) into 
(10), the following expression results after expand- 
ing logarithmic and fractional terms into a power 
series and neglecting terms possessing powers of R 
greater than 4 


P = 4(233 


7450.N°R?®), (17) 


f 
(6) 
yorn twists N, furns yan twist®N, turns 
per inch per inch 
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PABLE Eevatrions Givinc Errect or Twist 
ON YARN STRENGTH 


Yarn Equation* 
150, 40 viscose P = 316-11,200 


1 + V2R" 
P = &.100 
+ 


210-69 nvion 


300 104 acetate P $66-14,900 
600, 208 acetate P 9372-29 BOO NTR 

* Equations for all materials simplified by expansion into 
power series except that for nylon, the series for which con 
verges very slowly; hence, the actual equation is given for 
this material 
where P tensile strength of varn (g.); V yarn 


twist (turns in.); and R varn radius (in.). 
Equation (17) defines the breaking strength of 
the 600 208 acetate varns in terms of the varn 
radius and twist. Similar equations have been 
derived for the various materials as listed in Table | 
With respect to the use of such equations as those 
given in Table I, the twist, NV, and the radius, R, 
should represent both these quantities at) varn 
rupture. When a yarn is being strained to rupture, 
the twist per unit length is continually decreasing 
as the elongation increases If NV. is the varn turns 
per inch at no load, then at varn rupture the twist 


V is given as: 


where ¢, is the unit strain at rupture. The yarn 


radius will also decrease with strain \ssuming, 
momentarily, that the yarn is composed of solid fi 
brous material (complete packing), then for most 
high polymers which extend at constant volume the 
square of the varn radius is inversely proportional 
to the total length of the sample while it is being 
stressed. Thus, if Ris the square of the radius 
at no load, then the square of the yarn radius at 


rupture, R®, is 


R 19) 


The original varn radius, R,, can be calculated 


It is easily shown that for a solid varn the value R? 


in square inches is related to the yarn denier and 
the fiber speciiic gravity as follows: 

varn denier 


0.055 & 20) 
fiber specific gravity 


If the varn denier and fiber specific gravity are 
known, then equation (20) would give the value 


The bulk factor of the 


varn, however . must be considered before a realistic 


of R2 for a solid yarn 
value of the radius can be calculated This is best 
taken care of by use of a bulk specie gravity tor 
the varn. Peirce |4| has reported that tor firm 
cotton and viscose yarns a bulk specific gravity ot 
0.9 gives reasonably accurate results, and, although 
determined for staple varns, should apply closely 
to continuous-filament varns. Others have indi- 
cated acetate yarns to have a bulk specific gravity 
of about 0.86. While no data are available for 
nvion, the value of 0.9 has been used in the strength 
calculations 

Utilizing the equations given in Table [| for a 
pedigreed set otf varns, the strength-twist curves 
shown as Graphs 1, 2, 3, and 4 were determined 
Experimental values of strength are also shown on 
the graphs It is to be noted that reason ibly good 
agreement has been obtained between the theo 
retical and the experimental strengths The ex 
perimental data for all the materials follow) in 
general the same type of parabolic strength-twist 
curve as the calculated curves do, except for the 
300° 104 acetate This varn is the only one of the 
group which was spun directly to different: twists 
at the plant. The other yarns were all spun from 
the same lot of original low-twist varn. Hence, 
the relatively poor agreement for the data shown 
in Graph 2 may be the result of variation in tibet 
properties. However, when all of the calculated 
and actual strengths are plotted against each other, 
a linear agreement line having a slope close to 45 


results, as shown in Graph 5 


Influence of Fiber Properties 


It has been indicated that the shape of the stress 
strain curve is important in determining the magni 
tude of the serigraph effect. Each of the equations 
givea in Table I, except that for nylon, can be 


written in the form 
a (21) 


where a represents the zero twist strength, and NV 
and R are the yarn twist and yarn radius at rupture 
respectively Phe quantity 4 determines the extent 
to which a given geometry affects yarn strength 
Actually, the ratio b a determines this extent It 
can be shown that this ratio is functional with the 
stiffness of the fiber at high loads, as evidenced by 
the shape of the stress-strain diagram. Consider 


the hypothetical stress-strain diagrams of two fibers, 


|| 
bie 
A 
“3 
Sake | 
sit 
a6 
Hep 
3 


/ 
10 
\ and B, as shown in Figure 9. Let it be assumed 
ai : that both fibers A and B possess precisely the same 
: properties, both geometric and inherent, except 
i that the shapes of their stress-strain diagrams are 


different. 


made from each of these fibers, it is clear that the 


Phen, if varns of similar geometry are 
component effects would be alike. However, with 


respect to the serigraph effect, it is clear from 


higure 9 that although at varn rupture the center 


fibers in both yarns would be supporting equal 
| 3 stresses, f,, the inclined fibers in yarn A would be 
| supporting stresses (fs), while the inclined fibers 
a in yarn B are subjec ted to stresses as low as (feds 
| From Figure 9 it can be seen that the strength of 
varn A will exceed the strength of varn B 
{3 : In this connection, it is interesting to consider 
i the work of Peirce [5] in discussing the loss in 
f strength of cotton yarns after the optimum twist is 
exceeded Phe general equation for strength fall- 


off is given by Peirce as the factor 


1 
1 + O0.0126nA?' 


where 7 is a constant depending on zone-of-rupture 
is the 
This factor 


diameter and yarn diameter, and A yarn 
twist multiplier, proportional to VR 


may be approximated as 


1 
O (zero 


| 


/ 


YARN RADIUS, R 


| 
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E> 
STRAIN 


ly pothetical stress 


of two materials 


bic. 9 


strain diagrams 


where a is the constant of proportionality relating 
twist multiplier to the product of yarn twist and 
yarn radius. This last formula expresses the in- 
Actual ex- 
perimental results check the above formula if the 
value of 0.0126 is replaced by 0.0140, 


according to Peirce, “is of the right order of magni- 


fluence of only the component effect. 
which, 


tude but greater than would be expected of the 


purely geometric effect in a regular varn.”’ 


Fic. 10. Effect of yarn size (R) 
on varn various twists, 
N (No < < Ne N;) Locus of 


maximum strengths ts such that NXR 


strength at 
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It's clear, however, from what has been discussed 
already, that the value of 0.0140 could be signifi- 
cantly associated with the serigraph effect, since 
this factor has the ultimate result of producing a 
lower strength than would be expected from only 
the component effect. The elastic properties of 
the fiber can influence the étfect of varn geometry 

It is interesting to consider the effect of increas- 
ing the yarn size while keeping the varn twist 
(turns per in.) constant. Equation (21) can be 
written in more general terms to take into con- 
sideration differences in initial varn radius 


P = — b’N?R?). 22 


Phe maximum value of P produced by varving R 


can be calculated from equation (22) by 


aP 


aR 0 


aP 


OR 


Therefore, 


2a’R — 4b'N?R 


0 (zero strength), or 


VR 23) 


Equation (23) indicates that for a given fiber (a’ 
and b’ are material constants), varn strength at a 
given twist can be increased by increasing varn 
weight up to the point where the product of yarn 
twist and yarn radius satishes equation (23). Fur- 
ther increases in varn weight will result in a de- 
creased strength. Moreover, independent of what 


yarn twist is considered, the product of this yarn 


11 


twist, .V, and yarn radius, R, will be the same at 
Phe value (V & 
can be shown to be proportional to the “twist 


the maximum strength point 
multiplier” as used in staple-yarn terminology)* 
since the yarn radius varies inversely as the square 
root of the varn count (cotton system) 

The effect of varn size on yarn strength at dif- 
ferent twists is indicated graphically in Figure 10 


Yarn Stress-Strain Characteristics 
A. Elongation to Rupture 


In the discussion relating to the magnitude of the 
serigraph effect it was shown that at varn rupture 
the strains present among the various fibers in a 
yarn varied with the helix angle. Yarn rupture 
occurred at the point where the shortest fibers 
i.e., those fibers which he close to the varn axis 
and hence possess zero helix angle-—reach thei 
This limiting extension is also 
The effect 
of varn twist or yarn size is merely to alter the 


limiting extension. 


the extension of the varn to rupture 


distribution of extensions among the various fibers 

Since the fibers close to the varn axis are the 
first to fail as a result of tension, it can be concluded 
that the varn elongation to rupture should be con 
stant, independent of the varn twist or varn size 
It is true that exceedingly high varn twists can 
produce initial spinning tensions in the fibers which 
are of sufthcient magnitude to alter their elastic 
properties by, say, cold-working the fiber Such 
a varn would not be expected to exhibit the same 
elongation to rupture as a low-twist yarn. How- 
ever, Where spinning does not influence the elastic 
properties of the fiber, the yarn elongation should 
not be altered by changing either the varn twist or 
the varn size 

Graph 6 plots the elongation to rupture of a 
series of singles yarns with various twists and varn 
weights It can be seen from this graph that 
changing the twist has not produced any substan- 


In addi- 


tion, for the two acetate varns, the varn elongation 


tial changes in the elongation to rupture 


is substantially the same as the fiber elongation 


B. Stress-Strain Curves 


It has been shown that twist produces the follow- 
ing effects on the properties of continuous-filament 
singles varns: 


\ 


Twist multiplier = » where C, the cotton count, varies 
ve 


inversely as the varn denier. 
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1 The 


strength 


higher the twist the lower the varn 


2. Yarn elongation is independent of yarn twist 
just so long as spinning does not alter the mechan- 
ical properties of the fibers 

Figure 11 shows the theoretical relationship that 
might be expected between the stress-strain dia 
grams of a group of yarns with successively higher 
Dhese “curves have been drawn so as to 


and 2 In 


twists 


satisfy conditions 1 above addition, 


however, they have been drawn so that at any load 
below rupture the elongation of the higher-twist 
varns exceeds that of the lower-twist yarns This 


must be so, since for the same total load on the 


yarns the fibers in the high-twist varns are subjected 


yarn 


to a higher axial tension than are those in a lower- 
twist component and serigraph 


Both the 

effects produce this difference in fiber loads Since 
higher fiber tensions produce greater fiber exten 
the 


The change in shape as well as the change in end 


sions, trends shown tn Figure 11 are logical 


points of such curves, as shown in Figure 11, is 


ilvsis and predict 


capable of mathematical an 


The procedure is a laborious one involving first 


the determination of the empirical formula of the 


Phe 


component and serigraph effects are then written 


fiber (or zero-twist varns) stress-strain curve 


analytically for the whole range of loads from zero 


to rupture, in terms of yarn twist, Vo and yarn 


size, R The final expression would be the stress 


strain equation for a given material in’ terms of 


both Nand Rk 


Hlowever, it ois possible to deduce the il 


results of such an involved calculation by reference 


to kigure 11 


1. The higher the varn twist the lower either the 


secant modulus or the tangent modulus of the 


stress-strain curve 
2. The higher the varn twist the lower the energ, 


absorption tort pture This Is SO, SINCE the stress- 


strain curve for a high-twist varn lies below that 
of a low-twist varn and the ultimate elongations 
ire equal 

Elastic Characteristics of Yarns 


Phe performance of textile structures in end use 
is very rarely a one-time loading-to-rupture propo 
sition Instead, most textile products are usually 
subjected to a continual repeated stress action, the 


magnitude of the stresses being below that rupture 
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load which the specimen is capable of withstanding 
previous to use. Mechanical failure of a material 


in end use occurs when, as a result of repeated 


loading and unloading, 


the structure is incapable 
of absorbing and returning the imparted energy 
without the occurrence of failure as either a perma- 
nent deformation or an actual rupture of the com- 


ponent parts, depending upon the end-use require- 


ment. One peculiar physical characteristic of 
textile materials which heretofore has identified 
them as unpredictable engineering materials has 


been the fact that the elastic properties depend 
Most 


exhibit the delayed components of deflec tion, pri- 


upon the previous loading history textiles 
mary and secondary creep, the magnitude of each 


being a function of load, time, and inherent prop- 


erties 

More specifically than actual load, the internal 
stresses govern the magnitude of the delaved de- 
Hections for a given material, and since the stress 
distribution of filamentous singles varns changes 
with twist, it is to be expected that the repeated 
stress properties would also depend upon twist 
Three criteria of repeated stress performance have 


» 


been considered: (1) secondary creep, (2) corrected 


residual elongation, and (3) elastic performance 
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The data given in this section on elastic proper- 


ties have already been reported by Hamburger |2 


The graphs expressing the data re repeated tor 
convenience in following the discussion 

1. Secondary Creep Secondar\ creep 1s that 
portion of the delaved detlection exhibited by a 
material which ts not recoverable with time follow 
ing load removal The removal of secondary creep 
results in a change in the load-extension diagram, 
with an attendant loss in energ\ absorption ca 
pacity It has been found that poor abrasion 
resistance characterizes a material most of the 
deflection of which is attributable to secondary 
creep Both poor creas resistance and poo ci- 
mensional stability also follow when most of the 
elongation possessed by a material can be aseribed 
to secondary creep On the other hand, in ordet 
to resist rupture due to stress concentrations, 
secondary creep can often be a valuable asset to a 
material Hence, it can easily be seen that the 
determination of this property is important to the 
evaluation of a textile 

lhe effect of both load and twist on the secondary 
creep of 300° 104 continuous-hlament acetate rayon 
is given in Graph 7, which illustrates two points 
1) the secondary creep is a function of conditioning 
load, the greater the load acting on the untwisted 
elements the greater the secondary creep; 2) at a 
given conditioning load, the greater the twist the 
vreater the secondary creep 

Point (1) states an inherent property of acetate 
rayon. Other materials may or may not possess 
a similar characteristic For example, nvlon shows 
a much smaller change in secondary creep with 
load than does acetate ravon. However, in the 
case of the acetate rayon, it becomes apparent why 


twisting increases the secondary creep at a given 


conditioning load For a given varn load, the 
internal hlament forces are greater for a twisted 
than for an untwisted varn This has been ex 
plained as being caused by both the component and 
serigraph eflects Since secondary creep increases 
with load on an untwisted yvarn, the increase in 
secondary creep with twist at a given yarn load is 
explained For the nylon mentioned above, one 
should find secondary creep to be less influenced by 
varn twist than for acetate ravon except for 
such effects as varn slippage due to twist removal, 
this should certainly be the case 


2. Corrected Residual Elongation lf a material 


POSSCSS¢ s secondar, creep, the process of Thiet hani al 
conditioning generally causes a decrease in. the 
extensibility of the specimen It is of value to 
know the extensibility of such a mechanically con 
ditioned material, since a large decrease im the 
elongation after conditioning reflects a large ce 
cream im the energy absorption Capacity ol the 
material following repeated stressing in use \ 
material may show a high elongation to rupture on 
a one-time loading basis, and may be selec ted for 
a particular end use whenever such a large elonga 
tion is desirable However, if this elongation is 
not attainable again, and the end-use requirement 
is not a one-time use, the choice of this material 
may not have been the best 

The percent corrected residual elongation de 
lineates the elongation to rupture following the 
removal of secondary creep. It is termed “re 
sidual” since it represents the remaining elongation 
The expression “percent corrected” is used, since 
the elongation ts expressed as a percent of the new 
gage length—ve., the sum of the original gage 
length before stressing plus the added gage length 


due to secondary creep removal 


Aa 
4 
> + we 
| 
| 
4 
ag} ger ‘ | 
2 


Wee: 


Depencde nt 48 it 18 Upon sec ondary « reep removal, 
the percent corrected residual elongation should be 
expected to vary with both load and twist. Graph 
& plots the effects of load and twist on the percent 
corrected residual elongation 

[wo points are worthy of note from examination 
of this graph 

1. Inherently, acetate rayon shows a decrease in 
This 


decrease parallels the increase in secondary creep 


the corrected residual elongation with load 


with load 


2. At a given load, the greater the twist the less 


the percent corrected residual elongation. The 
explanation for this effect is similar to that given 
for the increase in secondary creep with twist at a 
given load 

It is interesting to note that the shapes of all the 
curves in Graphs 7 and 8 are essentially paraboli 


load 


shape resulted for the effects of twist on tensile 


with twist at constant This same general 


strength Phe deviation of the stress distribution 
from uniformity as twist changes is also paraboli: 
with twist Hence, the tie-in between stress dis 
tribution, as produced by yarn geometry, and 
repeated-stress performance appears to be justified 

3. 


graphs have discussed certan of the changes in 


Performance preceding para 


elastic properties exhibited by textiles following 


repeated stressing Phe extent to which a material 
duplicates its original stress-strain characteristics, 
taking into account the effects of both primary and 
creep, is indicated by 


secondary the elastic pet 


formance coethcient This coefhicient can be ap 


tension, bending 


plied to all types of loading 
torsion, bulk compression, et¢ ind is determined 
from the repeated stress data The method for 


calculation has been described by Hamburyer |2 


Qualitatively, the coetlicient should be regarded as 
a numerical index which expresses, as a traction of 
unity, the degree of perfect spring-like behavior 
exhibited by a material 

Graph 9 plots values of the elastic performance 
coethcient as a function of both load and twist 
Once again, it is ¢ lear that two predomin int effects 
Are evidenced 


1. The 


performance coethoent 


hivher the load the smaller the elastic 


2. At a wiven load, the greater the twist the 
poorer the elastic pertormanes 


Also, it 


above depends upon the inherent property inclicated 


should be apparent that condition 2 
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by condition 1, since were it not for the fact that 


higher loads reduce the elastic performance, the 
effects of higher filament stresses in highly twisted 
varns would not produce reductions in the elastic 


performance coethment 


Conclusions 


The concepts developed in this paper represent 


only a part of the type of quantitative ‘‘applied 
mechanics” of textile structures, the complete es- 
tablishment of which ts the over-all, long-range ob- 
jective of the research being done for the Quarter- 
master Corps. The work has been concerned with 
the development of rational laws describing the 
influence of geometrical factors on textile perform- 
ance, beginning with the smallest textile units with 
respect to size but the most complex from a tech- 
nical point of view namely, the fiber and the yarn. 
It is felt that the varn form factors tsolated and 
described in the main body of this paper constitute 
a necessary part of the logical development. of 
geometrical effects, and, just as fibers and yarns 
are the fundamental units in the construction of a 
textile product, so must their mechanical properties 
be regarded in relation to the mechanical properties 
of the finished structure. It has been shown that 
stress analysis permits quantitative explanation 
and prediction of the following etfects 

1. Rupture properties of singles continuous-fila- 
ment varns. Both rupture load and rupture elon- 
gation are capable of physical analysis and correla- 
tion with the properties of the fiber 


» 


‘a nergy absorption The shape of the stress- 


strain diagram of varns can be quantitatively 


predicted from the fiber stress-strain diagram and 


the intluence of varn geometry upon the energy- 


absorption properties determined 
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3. The dependency of the elastic properties ot 
yarns upon yarn geometry has been described and 
explained. In particular, it has been shown how 
stress distribution is responsible for changes in the 
visco-elastic characteristics exhibited by varns com- 
prised of known fibers and how these changes may 
be calculated. 


4. Optimum yarn sizes for different-twist varns 


have been shown to be capable ot quantitative 


determination. Rational laws governing the rela- 
tionship between yarn size and twist have been 
developed 

5. It has been shown that the extent to which 
Varn geometry influences varn properties is partly 
functional with the inherent fiber properties. In 
particular, it has been shown that the rupture 
properties can be described in terms of constants 
of the fiber as determined by its stress-strain dia- 
gram. Future work on this program is concerned 
with the determination and classification of the 
constants for a wide variety of textile fibers. 

In addition to vielding information on the per- 
formance of singles continuous-filament varns, the 
broad ideas developed have led to the extension of 
certain of the concepts to other higher-order textile 
structures, the results of which will be published in 
later works, but will be briefly mentioned here 

1. Similar performance characteristics of staple 
fiber varns {3}. It has been found that when tiber 
slippage is properly taken into account, many of 
the properties of singles staple-fiber varns are cap 
able of evaluation by the same general methods as 
those presented herein, The influences of staple- 
fiber yarn geometry on the translation of strength, 
elongation, and visco-elastic characteristics are all 
capable of analytic description. 

2. Characteristics of plied continuous-flament 
varns. It can be shown that the elastic character- 
istics of plied varns, for example, are critically 
dependent upon the presence or absence of a core 
which lies in the center of the varn. For example, 
for a 7-ply varn one can shew that increase in ply 
twist, maintaining varn twist constant as it lies in 
the ply, causes a parabolic decrease in the energy 
to rupture. On the other hand, for a 3-ply yarn 
increases in the ply twist would show a parabolic 


increase in energy absorption to rupture, 


i$ 


3. Certain of the methods developed in this work 
are capable of being translated directly into fabric- 
geometry etfects For example, the effects of high 
fabric crimp in tightly woven fabrics, both on 
tensile strength and elongation, are capable of being 
analyzed in much the same manner as those for the 
serigraph effect 

From the examples it is clear that the mechanical 
properties of textile structures are capable of being 
analyzed and explained, and, hence, predicted 
The ability to blueprint and design fabrics for 
mechanical end uses 15 possible It is felt that 
other end uses which are dependent upon the so- 
called “obscure” properties of textiles, such as 
wear-resistance, drape, etc., are also capable of 
engineering design, once the physical analogy of 


the tactile property ts established 
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Abstract 

1 hye ert wn pon phase elastic ems reviewed 
ined it ested that the ‘ ln valua nm te of entrop ind enthalp ontrit n 
lhe anal then extended ‘ Iponent, two-phase systems, and the necessary equati 
are che B | he te re etlect on welling s taken inte account In iddition 
he basic hy pothes« { the kinetu ‘ f ber elastieit ire shown to lea ‘ cl 
which are ther «lynam i 

Introduction rigorous thermodynamic analysis suggests a modi- 


The thermodynamic equations tor elastic mate 
rials which were derived by Wiegand and Snyder 
18] and later modified by Elhott and Lippmann 
{2 ipply to a phase, one-component system 
and are intended for the study of rubber and 
rubbery materials In analogous work on textile 
fibers the experimental work has been carned out 
in the presence of water {1, 19], alcohol-water mix 
tures [11], or aqueous or alcoholic salt) solutions 
11 In these two phase svstems of two or more 
components, the equations of Elliott and Lippmann 
or of Wiegand and Soyvder can serve only as first 
lor tore exact consider it ts 
Hecessary, Aas Woods 19 has alread: pomted out, 
to take into account the effect of the swelling agent 
on the temperature coefficient of stress of the 
material 

Lhe object ot this piper ts to develop the equa 
tions applicable to a two-phase, two-component 
system by an extension of the equations tor the 
one-component model 

The simpler one-component system will be con 
sidered in some detail first, and the hypotheses 
underlying the resultant equations will be exam 


ined In this connection, the problems of hysteresis 
and stress-relaxation will be analyzed, and the deti 


nition of the entropy contribution to the tension 


will be reviewed It will also be shown that a 
* Research Fellow of Ts e Research | e, Prince 
New Jerse Present addre ] Lal i l 

du Pont de Nen rs & ( l \ ay 


fication of the kinetic theory of rubber elasticity 

In this study, most of the svmbols are those 
commonly used in many thermodynamics texts 
see Lewis and Randall or MacWougall {12 
Those terms not found in these references will be 


defined as needed 


One-Component Model 


Phermodyvnamic analysis is possible only if the 
svstem under consideration exists in a state of 
equilibrium which is uniquely defined by a finite 
set ot independent variables \ given mass of a 
perfect gas, for example, can be completely de- 
scribed by two variables. In the case of a non- 
relaxing, non-hysteretic elastic material which is 
inder unidirectional tension, three variables, in 


\lthough any 


three would suffice, it is most convenient for one of 


addition to the mass, are needed 


them to be the force per unit cross-sectional area 
in the direction of tension or the percentage elonga- 
tion of the material in this direction, and for the 
other two to be 7 and P or 7 and | 

For the present purposes it is convenient for the 
product of tension and elongation to have the 
dimensions ot work, as Gerke [5] has mentioned 
Therefore, the quantity f will be considered to be 
the total unidirectional force on the matertal and / 
will be the total length of the material These 
variables will be sufficient for the comparison ot 
different states of the same piece ot material, but 


the dimensions at some given temperature and 
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pressure (or volume) of the unstrained piece are 
needed for the comparison of different pieces of the 
same mass 

In a hysteretic system, however, it is apparent 
that the three variables 7, P, and /, for example, 
will not uniquely specify the magnitude of f; another 
variable of the svstem is required. 

When relaxation occurs, another complicating 
feature is the question of the existence of thermo- 
dynamic equilibrium states. If the stress of a 
strained elasto:ner relaxes spontaneously, it is ob- 
vious that the material is not in a state of equilib- 
rium. In nearly all real systems the same question 


Maver and 


Mayer [13] have discussed this point from the 


arises to a greater or lesser degree 


statistical viewpoint and have presented the con- 
cept of inhibition, which can be illustrated by the 
element uranium 

Even though uranium is not in equilibrium with 
respect to its radioactive decay, it is in equilibrium 
with respect to P, V, and 7 transitions. In such 
a case, the system is considered to be in equilibrium 
with respect to all transitions except radioactive 
decay, this process being eliminated from consid 
eration by the imposition of an inhibition, and 
hermodynamic treatment of the other processes 
is then possible Phe same analysis applies also 
to all radioactive isotopes, regardless of their half- 
lives. In each case, however, any measurements 
on the system or any cvclic transitions must be 
performed in time intervals very much smaller than 
those required for any measurable spontaneous 
transition of the system 

Now, the process of stress-relaxation in an elas 
tomer is thermodynamically analogous to radio- 
active decay and a_=esimilar inhibition can be 
imposed This inhibition can best be specified by 
the designation of another variable of the system 
the degree of relaxation, R, which can also serve as 
the added variable tor a hysteretic system 

Phe actual magnitude of the degree of relaxation 
cannot be specified except im a tew Sper ial cases 
Nevertheless, the four quantities R, 7, P (or V 
and / (or f) serve to detine the thermodynamic state 
of a relaxing, hysteretic system in a unique manner 
For the purposes of applying thermodynamic con 
siderations to the system, R will be considered to 
be inhibited to a constant value, and it should be 
understood that each equation in this study has 


this restriction plac ed upon it. 
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Bearing in mind the preceding discussion, the 
equations of Wiegand and Snyder and of Elliott 
and Lippmann can now be derived. Consider a 
given mass of elastic material which has been 
stretched out to a length / at-some given tempera 


ture 7° and pressure P. The tension in this sub 


stance is initially f f(T, P.l, R), but it will decay 
at a rate which is at first verv rapid and becomes 
progressively slower At constant 7, P (or J 


and / this relaxation of the tension can be attrib 
uted to a spontaneous change in R \t each 
instant, however, the magnitudes of all the proper- 
tics of the system are functions of 7, P (or V), 
/, and R, and at any given moment, when the value 
ot R Is 


is suddenly inhibited to remain at this value of R, 


it is possible to imagine that the system 


while a reversible infinitesimal change in 7, P (or 
| . and | is allowed to occur Under these condi 
tions the internal energy of the system changes by 


an amount 


dE 1 
and 
fdi+ Pd\ 2 
while 
TdS 3 


since the transition is reversible 


) 


Combining equations (1 2), and (3) gives 


Dividing equation (4) by J and imposing the con 


ditions ot constant / and P yives 
Ok T(dS‘dl\rp + f Pial al TP, 5 


which becomes the Wiegand and Snyder equation 
if P 0 or (OV Al) ry 0 Note: Although Wie 
gand and Snyder did not use the subscript P in 
their equation, they refer to Gerke [5], who is quite 
explicit in pointing out that the pressure is consid 
ered constant in the model used 

If, however, 7 and V are kept constant alter 


division by then 
Ak Al\ry + f, 6 


which is the equation of Elliott and Lippmann 


Equation (5) can be rewritten in the form 


f Ok al Tp P al al 7 as 


OH T(AS dlirp, (7 


4 
i 
4 
i 
ts 
ae 
| 
: 
| 
: 
| 
a 
| 
Pdi 
i / iS + di 
| 
| | 
| 
: 
ly 


2. 
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where = E+ PV. If, now, F Hi 
+ PV 7S, then 


dF dk 4+ PdV + VdP TdsS 


and equation (4), when substituted in equation (8 
yives 


dt fdi+ VdP Sdl 


\t constant R, equation (9) is a perfect differential, 


and theretore 


aS Of aT 10 
which, with equation (7), gives 
f ali al re Tiaf al 11 


\s it stands, equation (11) ts valid tor all values 
of R, even when its rate of change is very rapid 
Experimentally, however, measurements of the var 
ious terms of the equation must be carried out in 
time intervals of such short duration that R does 
not change appreciably during each measurement 
Phis requirement can be met quite readily at ne arly 
all R values in the determination of f, but not of 
Of aT Consequently, in practice, the system 
is allowed to relax until the rate of change ot R 
becomes sufficiently slow to enable measurement ot 
the temperature coefficient of the tension ina time 
interval which is short compared to the rate ot 
relaxation 
Wiegand and Snyder detined the quantity 


Tief‘aT)y 


as the entropy contribution to the tension, and the 
difference between the tension and the entropy 
term was considered to be the energy contribution 
\s equation (11) indicates, however, this latter 
quantity is really an enthalpy, and not an energs 
Mevet 
that at low pressures the magnitude of Al) ry 
ak 


for all practical purposes, the energy and enthalpy 


term ind Van der Wvk [15] have shown 


is very small compared to Therefore, 
terms may be considered identical; but a mgorous 
analysis demands a distinction between the two 
quantities 

Elliott and Lippmann, on the other hand, detined 
equation (6) as the basic one tor elastic systems 
From the equation for the Helmholtz tree energy, 


analogous to equation (8), it can be shown that 


AS af aT) y 12 
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Unfortunately, however, (df 07), cannot be de- 


termined directly, and Elliott and Lippmann have 
shown that this quantity, which they define as 
being 1 7 times the entropy contribution to the 
stress, can be approximately evaluated from the 


following expression 


af aT), + MBA’, 13 


where 


B, 1 3 thermal coefficient of volume expansion 
and A’ 
LAL AV) 


8 1 AT) pp, where D is the deformation ratio, 


extension modulus lidf Al)rp, 
amisotropy  lactor 
Elliott and Lippmann used 
in their equation since they were able to show that 
3, was very nearly equal to 8. The anisotropy 
factor is written here as A’ to distinguish it from 
the Helmholtz free energy, A \pparently, Elhott 
and Lippmann chose to define the energ\ and 
entropy terms as they did because they were able 
to show that data of Meyer and Ferri [14] for 
rubber indicated that (dF dl) 7, 0; therefore, this 
rubber was “ideal” on the basis of their definitions 

Quite obviously, the definitions of the energy and 
entropy components of the tension are somewhat 
irbitrary. Of the definitions discussed here, those 
tM Elhott and Lippmann have the advantage of 
being able by themselves to account for the total 
tension. But, on the other hand, the experimental 
determination of the terms is somewhat trouble- 
some, since 3, is diffeult to measure and A’ can 
estimated The Wiegand and Snyder 


definitions give the 


only be 
tension as the sum of three 
terms involving energy, entropy, and volume. As 
has been mentioned betore, the sum of the energy, 
and volume terms is the enthalpy factor and, in 
many cases, differs little from the energy term. — In 
this « ase, however, even though the energy term is 
not exactly known, the entropy contribution can 
be measured directly. 

Thus, each set of detinitions has its favorable and 
untavorable points For many prac tie al problems, 


however, the two approach identity. For example, 


(dl Aljrp 0 (1.e., 1f Poisson's ratio is one-halt 
it can be shown that (dF Al)rp Al)ry and 
OS Al\r; aS Al\ry, since 


OF, Al) ry 


A Bie 
‘4 3 
4 
4 
ane 
— 
: 
| 
4 
/\ 
| 
| 
| 
= 
| dE = 
4 + (AE (OV 14 Wars 
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and the second term on the right becomes zero 
under the above conditions. For an isotropic ma- 
terial, A’ 1 \s the material becomes aniso 
tropic, A’ decreases and, in the limit, becomes equal 
to zero. Under this latter condition, the two 
equations also become identical 

for a rigorous consideration of elasticity, how 
ever, the distinction between the two definitions 
cannot be overlooked, and a choice between the 
two must be mace Since nearly all experimental 
work has been carried out under constant pressure 


conditions, it seers that the Wiegand and Snvcder 


detinitions are to be favored The author sugvests, 
however, that enthalpy, rather than energy, be 
considered the fundamental quantity With this 
modification, the tension becomes a sum of only 
two quantities 

It has already been shown that the elastic system 
must be allowed to relax to some extent before a 
direct determination of can be For 
systems in states of rapid relaxation, an indirect 
determination of @f d7 may be possible under 
certain conditions Thus, for example, tension 
elongation curves for the material can be deter 
mined at various temperatures for a finite, vet very 
rapid, rate of elongation, If the rate of relaxation 
of the material is the same at all temperatures, then 
the value of R at any elongation is independent ot 
T, and the tension can then be determined as a 
function of 7 at constant / The hypothesis that 
the relaxation rate is temperature-independent re 
quires considerable study before it can be accepted 
as valid; and until it can be shown to be a 
ceptable, the above procedure cannot be used 

Before extending the treatment to a two-com 
ponent system, it is interesting to investigate the 
validity of the kinetic theory of rubber elasticits 
from the thermodynamic point of view. 

In all of the formulations of the kinetic theors 
which have been published to date [3, 4, 6, 7,9, 17 
the fundamental assumptions have been that the 
unstrained rubber is isotropic and that the energy 
contribution to the tension is zero at all extensions 
Consequently, the tension is due to entropy only 
and, by setting up a model for the system, the 
entropy has been developed as a function of the 
elongation, from which the derivative, dS d/, and 


hence the tension, T(aS Al), can be evaluated 


} 


In setting up the model, however, it has generally 
been the practice tO assume that the volume is 
independent of the extension 0 
Under this assumption, the definitions of Wiegand 
and Snyder and of Elliott and 


Lippmann become 


identical, as has been shown, but it remains to be 


al al al a a 

al aP 15 
The term (d/ isi A ind is equal to/ 3] 
for an isotropic material and approaches zero as 
appears The second term, (df al 
is the extension modulus and is never zero ot 
negative onseque itly, for an isetropi material 
Poisson's ratio is one-half and Alirp 0 only 
il (OV AP), 0 -that ts, the material is incom 


Quite obviously, rubbers ar 


not incompressibie; hence, the assumption that 
Poisson's ratio is one-half is not rigorously valid 
Of course, the magnitude of (OV) al)rp may be vers 
close to zero, but it must be understood that it is 
not identically zero 


Furthermore, it can also be shown that 
Of Al\rp(Al AT) 16 


Since (Of Al)rp is always positive, af al must 
be Opposite in swn to Now, tor an 
isotropic material, );p must be positive 
theretore, (df al yp is nevative and (dk al TP, the 
energy contribution, cannot be zero, but must be 
greater than f in isotropic materials Mever and 
Van der Wyk 15] have already pointed out that 
rubbers at elongations of 10°, and less show nega 
tive entropy terms The above serves to explain 
these results 

We must conclude, therefore, that the assump 
tions of the kinetic theory of rubber elasticity are 
self-contradictory and that a new model is required 
Recently, Tobolsky and Seott [16) have developed 
in equation in which the energy contribution ts 
not neglected This equation was derived for the 
purpose of explaining second-order transitions, but 
it mav also prove sufficient to resolve the above 
consistencies 

Equation (16) suggests another method for meas 


uring (df. dT), 


Phe quantity (d/ can be 


| 
at 
seen how reasonable this assumption ts 
It can readily be shown that 
el ae 
| 
si) 
Be 
| 
i 
fe) 
ae 
ws 
| 
ee 
if 
if 
rae 


A 
readily determined by hanging a weight on the 
material under study, allowing the material to 
creep to nearly constant length, and then observing 
the change in length of the sample as the tempera 
ture is changed \t the same time, the modulus, 
Of Aire, can be measured by the pulse-propaga 
ge tion technique of Hamburger {8 
; In the following section the two phase system of 
an elastomer contact with a one-component 
swelling igent will be considered Equations tor 
“ constant P and constant Vo conditions will be de 
rived, although the former gives an equation which 
is experimentally simpler and theoretically more 
logical 
Two-Component Model 
Phe system under consideration will be assumed 
to consist of a homogeneous solid phase made up ot 
elastomer plus adsorbed swelling agent and a liquid 
phase ot swelling agent onl, \s before, it is also 
assumed that all transitions of the system = are 
reversible ones; therefore, the chemical potential of 
each component will be the same for both phases 
Since the liquid phase contains only swelling agent, 
the chemical potent! il of the elastic substance is of 
no imterest 
( onsider, now, the solid elastu phrase only main 
tained at some value of 7, P (or WV), 2. R, and n, 
where mis the amount of swelling agent present in 
the solid phase. For any imaginary, infinitesimal, 
reversible change in 7, P (or V),/, and n, the change 
in the internal energy of the phase is 
di q w+ (dk Oni dn, 17 
where (d/0 On w, the chemical potential of the 
swelling agent in the solid phase 
Substituting equations (2) and (3) in equation 
17) gives 
dl PdV + fdl+udn 1X 
Br Dividing equation (18) by @/, imposing conditions 
Ved, of constant 7, P, and m, and rearranging gives 
f OE Al\rp, Alire, + Al) rp, 
OTL Alirp,. 10 
which is the two-phase analog of equation (7 
Phe analog of equation (6) 1s obtained by dividing 
| 
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by 3/ and imposing constant 7, V, and m conditions 


f Aliry, al), 20 


From the ¢ xpressions for the Gibbs free energy, 


F, and the Helmholtz free energy, A, it can be 


shown that 


and 

as al TVs 
Equation (21) gives the entropy contribution to 
Wiegand Snvder, 
gives the term detined by Elliott 


ind Lippmann; but, unfortunately, neither one can 


the tension as detined by and 


while equation (22 
be determined directly, since a change in 7° will, in 


veneral, cause a concomitant change in nm, and the 


experimental determination of the temperature 
coefhient of the tension can be carried out at 
constant / and P only 


If, at constant R, the tension is a function of 
2, P.l, and n, a differential change in the tension 


is given by 


df (Of/ AT + (df oP ,dP 


+ (Of/Al)rpadl 4 


ow 


af an rpdn. 


(23 by a7, 


constant, and rearrange 


Divide equation maintaining / and P 


Of OT) ip Of OT 


Of An\rpdn 24 


Multiplication of equation (24) by the 
perature gives the Wiegand and Snyder entropy 


term, 7(0f )ipa, 


tem- 


as the sum of two quantities 
Of AT)ip, is the 
experimental temperature coethcient of the tension 


The first of these quantities, / 
limes the temperature, while the second term is the 
correction to account for the temperature effect on 
swelling This correction term-is the product of 
temperature, the differential (@f On)re., which ts 
the equiv lent of the equation for the hair hygrom 
eter, and the experimentally determinable tempera- 


ture On AT Dip, 


coethcient of m, and should not be 


difficult: to measure 


If the Elhett and Lippmann definitions are 
accepted as standard, the resultant equation ts 
somewhat more complicated It can be shown that 


aft al 


bi 
Ti dS dlr; Tidf, dT 21 
iB 
ARS, 
\ 
| 
rast 
+ (Af AP)ir(OP AT) we. (25) 
we 
4 
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Phe first term on the right side of equation (25) is 
given by equation (24); and, through the use of a 
method involving approximations very similar to 
those used by Elliott and Lippmann in deriving 


equation (13), it can be shown that 


af aP AP aT df al)pr, 
Of al al ad 
al On (On al x al al 26 


Ihe first bracketed term is the 


analog of M 


two-component 
the second corresp mis to 3,; and the 
term (d/ @\ r, is the equivalent of the anisotropy 
tactor, A 

\s has been pointed out in the preceding section, 
the Wiegand and Snyder detinition is to be preferred 
over that of Elliott and Lippmann for theoretical 
Even more rom the 


the 


reasons important practical 


viewpoint is relative simplicity of the corre 
sponding Wiegand and Snyder equations (equations 


19), (21), and (24 


and Lippmann 


compa ed with those of Elliott 
equations (20), (22 24), (25 


and 26 
Summary 


\lthough true thermodynamic equilibrium is not 


obtainable in hysteretic, relaxing elastic svstermns, a 
thermodynamic analysis of the stress can be 


Such an 


under 


taken analysis shows that the 


stress 1s 
‘given by the sum of two terms, whether in the case 
of the one-component or the two-component system 

If temperature and volume are considered to be 
independent variables of the system, the stress is 
found to be attributable to an entropy term and t 
the 


time, however, experimental techniques make tem 


an internal energy contribution \t present 


perature and pressure the independent variables 


and the stress is then separ ible into an entropy 
term and an enthalpy term It is suevested that 
this latter analysis be taken as the 


| he 


have 


standard 


equations tor the one-component systen 


and, by al logis il 


rey rewed 


been extension 


21 


have been carried over to the two-component 


system 
fundamental assumptions of the 


Finally, the 
present-day kinetic theory of rubber elasticity have 
been shown to give results which are selt-incon 


sistent 
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Abstract 


! jue ave he eve ! nak 
rlace the we fiber w 
Electron microgra are reproduced t tra 
fiber bjected to va chemical a mecha 
the view that t ales « t . oth laye 
Certain other featur f the scale luding a 


cutictk 


THOUGH SOME STUDIES of the 
ot 


wool have been made by direct examination im 


the electron mucroscope (see Inbhography 
also [9, 10, 19] ), its 


thickness 1s such that the details of its surtace struc 


Swerdlow and Seeman ; 


ture are best studied by replica techniques \t the 


time when this investigation was begun, the tech 
niques which had been developed {2, 7] involved 
subjecting the tiber sunultaneously to tenipera 


ture and pressure, which treatment could introduce 


artifacts into the repheas. The techniques used in 


the work reported here were designed to avon this 


While the Investigation Wits in progress, Swerdlow 
unl Seeman | published some electron micro 
yraphis o replicas obtamed \ mother technique 


is tively 
ever, m this case the fiber was subjected for 20 min 
to a temperature ot WoC and te 
although le than that used previously, was stall 
comsidet 


Phe methods 


| 
deserthed below do not involve 


treatment and con equently reduce the risk of arti 
facts In yweneral, the results obtamed agree with 
those obtained by Swerdlow and Seeman, indicating 


noticed by them are 


frumes 

electron mucros« r tl study 
RC A. Console model, tvwpe EMC2,. which 
accelerating voltage of 300 ky An objective 


replicas, suitable for examination im the electron 
ithout subjecting the fiber to heat or pressure 
e the appearance of normal wool fibers and ot 
weal treatments Ihe results obtained support 


overlying a more resistant furrowed structure 


aperture was used throughout. All photographs were 
made at a magnification of about 500 times (the exact 
magnification depending on the focusing current) and 
enlarged to 2,000 or 3,000 times for study. They are 
reproduced here at about 1,900 times 

wires of the 


In the reproductions, the specimen 


screen have been masked to reduce flare 
onsiderations in the Chotce of Replica 


lech Pits 


\s mentioned above, it was desired to avoid ap 


diving heat and pressure to the tibers The safest 


method seemed to be to make a negative replica by 


using a solution which wetted the fiber. This imme- 


diately introduced the dithculty that surtace tension 


causes the liquid to climb up around the fiber, so that 
after the solvent has 


Such a 


extremely thick regions are left 


evaporated (see Figures l(a) and | 


replica has obvious disadvantages 


\ two-stage pre 


ess, Which will eliminate these very thick regions, 1s 


theretore necessary Two techmiques have been 
cle veloped and are deseribed helow 
( fron-S a Ret (/ 10 


which 


has been modified in detail for this particular prob 


In principle, this is a standard technique, 


lem. The negative collodion replicas are made from 
collods solutio ona slide, and have 
the forms shown in Figures l(a) and 1 Silica 
evaporated onto these im a vacuum; from 5 to 10 
iw. of silica at a distance of &.5 em. has been tound 
t he satistactors Since on coarse structures the 


qe 
22 
a 
/ 
Sydney, 
(8 
; peculiar “fringed” edge, are also noted Ee! 
“a 
q 
&§ 
| 
TO... 
a 
a few additional features are described 
| Experimental Procedure 
ta was an 
has al 
4 
i 
| 
3 
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silea tends to form a film of uniform thickness nor 
mal to its surface [4], the resultant positive replica 
shows considerably less variation in thickness than 


the original 


negative one (see Figure l(c) ) 

Such silica replicas may be considered, to a first 
approximation, as giving a differential picture of the 
coarse surface structure, since they appear thick on 
steeply inclined regions and thin on flat regions [18] 
On finer structure they give a normal picture [4] 
Their contrast, for 30-kv. electrons, is fairly good 
and can be improved by gold-shadowing at either the 
collodion or the silica stage ( Figure &) 


usually 


It is found convement to wet-strip the 


collodion replicas onto specimen screens before de 


Severe overhang at the collodion 


le 


positing the silica 


stage is to be avoided, as it causes the silica to « 


center 


posit as shown in Figure 1(d), so that the 
falls out ot 


the silica rephea when the collodron ts 


dissolved off 


(4) Gelatin-Collodion Replicas (higuri 


This method is capable of giving very detailed 


replicas, but has been found to be unsuitable for 


use with the microscope used in this study becaus 


of the high stopping power of collodion tor low 


voltage (30-kv.) electrons. Because it appears that 


the method should be useful with higher voltages, 1 


is described here 


23 
(a) 
(b) 
| 
as 
Wool Fib 
Y, ool Fiber 
N 
Microscope Slide 
a b a 
Collodion 
(e) 
Sli 
Ca 
Fic. 1. The formation of one- and two-stage replicas 


JOURNAL 


ARCH 


Res! 


TEXTILE 


24 
| ill Kia. 3. Collodion-silica replica of a normal wool fiber. 
q | | Fic. 5. Gold-shadowed gelatin-collodion replica of a 
Figure 8) ts comparable with that of the gold layer, 
j a ma fiber. nothing is gamed by reversing the pru 


tree 


silica replica ¢ 


( ollodion 


6 


ae 
‘| # wool fiber Mmuted witl hieru 
silica replica of a 
a 
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Iwo slightly different methods have been devel (1) Normal wool, extracted with aqueous deter 
oped. In the first, the negative replica is made in gent solution followed by ether (Figures 2-5) 
5 or 10° gelatin spread on a microscope slice (ii) Wool, treated by the Freney-Lipson [3] 
vhich previously had been smeared with a hydro aleohohe alkali anti-felting process ( Figures 6 and 7 
phol ubstance such as cetyl alcohol The gelatin wmmersion for min. in a solution of 7' 
lowed to dry out to equilibrium with the atmo caustic potash and 1% water in ethyl alcohol, with 
phere before the fiber is removed. The surface tet subsequent neutralization by aqueous sulfuric acid, 
ion effects discussed in section (2) are very severe followed by washing with water 
he positive replica ts then made with %4°% or | (tit) Wet-chlorinated wool (Figures & and 9) 
collodion solution, The desired portions of the rep treatment with a sodium hypochlorite selution con 


heas are marked out with seratches, the double film taming 0.01% availabie chlorine and a total of 4° 


is removed from the slide and placed on the surface chlorine (based on the weicht of the wool) (cf 


krman and Alexander {1] ) at pH + and at 


of cold water with the gelatin side down, and the 


gre | 
gelatin allowed t water ie then itr pH &; varying times of treatment. (The low con 


duced to dissolve the gelatin, and the positive « | centration of chlorine was chosen in the 1} pe of 
lodion replicas are picked up on specimen sereer achieving uniformity of treatment 
They may subsequently be gold-shadowed (iv) Chlorzymed wool (Figure 10). This was an 
The alternative method, which is easier, replaces gyytish wool, not Merino, treated in England by 
the gelatin by 3% glycerin jelly, as used by Manby gry chlorination, followed by papain [6] 
[12] optical With this, the slid (v) Mechanically abraded wool Individual taut 
need not he hydrophobic, because the collodion film lala. Gaiaih relied’ to and fro 20 times under a load 
may be floated off by lowering the microscope slid of O.l-g. weight against a surface of polished horn 
obliquely into warm water, which rapidly dissolves abel ide ribed by Mercer and Makinson [13] ) 
the jelly This material gives a smoother film than an 


pure gelatin; it may be allowed to dry out to equi 
librium with the atmosphere before placing the fibers 
on it, and their impressions can then be obtained 
simply by breathing on the jelly to moisten it. Since 
it loses this shght amount of moisture tarly quickly, 
it does not creep up so far around the fibers as pure 
velatin does 

Since polymer solutions tend to give a film with a 
Hat upper surface [5], the resultant positive collodion 
replica still exhibits considerable variation in thick 
ness, as shown m Figure 1(. The very thin re 
gions, often split in the electron beam, while the 
regions / are too thick for penetration by 30-ky 
electrons. ‘The great variation in thickness may also 
ometimes cause the replica to flatten out, thus ex 


agyverating the diameter of the tibet 


bigure 5 shows a gold shadowed replica prepared 


by the former of these two methods. Fewer than 


igre sutable 


1% of these replicas had a thickness ras 


for examination by 30-kv. electrons 


Results 


xcept im the case of the Chlorzymed fibers, 60's 


Mermo wool was used in this study Fiber u Fic. 10. Collodion-silica replica of a Chlorsymed 
rected to the toll Wing treatinents were examined fiber 
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Che commercial finishing treatments (1) and (in 

described above, were chosen nat only because of 
their practical interest but also because they are 


known to produce big changes in some of the proper 


ties of wool—such as felting—without producing any 
marked change in tts structure, as seen in the optical 
mucroscope ; (I was chosen as an example of a 
more drastic tre tment prod cing su tlar effects: (\ 


was chosen in order to see Whether very light abr: 
sion would produce results similar to those obtained 


Vv Swerdlow and Seeman [17] by heavy abrasion 


Che results obtamed may be summarized as fol 
lows 
The scales of normal, undamaged wool are smooth 


and rather featureless, but show traces of longitudinal 
striations, which are especially clearly revealed by 
the gelatin-collodiot 
have “tringed” edg Figures § 


and which usually a ly “double 


sthea re plicas 


Wool treated by methods (11), (11), and, in many 


cases, (\ appears to be “et hed,” removal ot a less 
resistant, smooth laver revealing a promiuneni longi 
tudinal structure “Double” and “fringed” edges 
hecome more frequent The scales are in general 


still clearly defined, although in some cases even very 
brief wet-chlorination has been found to remove them 
completely over limited regions (F gure ), reveal 
ing in the original negative a granular rather than a 
striated structure (cf. [17, Figure 4] (The large 
dark specks in Figure 9 are dirt which was appar 
ently not completely removed from the fiber. \ 
particular structure, which will be referred to as a 
“Seam,” is often visible (e.g., <1 in Figure 7 

Chlorzvmed wool 1s devoid of scales The promi 
nent longitudinal striations, which are of an order 
ot magnitude coarser than those proper to the scales, 
appear to be cortical cells ¢ xposed or nearly « x posed 
by the treatment 


Discussion 


4) 


\t one time it was thought possible that the long 
tudinal striations on the scales, reported by earlier 
workers [2,17], might have been artifacts caused by 
the heat and pressure applied to the fiber during the 
preparation of the replicas. The techniques used 
here, however, have shown the same striation without 
such treatment, and it therefore appears to be an 
integral part of the structure. In general, this work 


supports the conclusion reached by earlier workers 
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ei 
ae 114, 17] that the wool scale consists of an underlying ‘(Se ae 
* longitudinal structure covered by a smooth and rather Rees 
featureless laver, which ts chemically and mechani 
techniques do not give any information as to the ae 
~ existence of thin membranes either above |9, 10] or et 
below |S] the scales Although this work has shown 
( Figure 9) that there is a comparatively smooth layer 
Ving between the cunele and the cortex, somewhat 
similar to that found by Swerdlow and Seeman | 17], 
this may be merely the residue of the resistant pot 
tion of the scales 
The tringed too the scales has not been 
reported pre although some of Swerdlow and 
Seeman’s unpublished electron miter yvraphs show it 
It may be a continuation of thi 
exposed it the edges vhere dan ge isi 
occur, but the limited data obtained 
suggest that it is of a somewhat coarser structure 
edge in the le contrasty, The “seams.” which are more prevalent ifter chen 
ips a ical attack, are probably due to overlapping of the = 
lateral edges of the scales (cf. Figure 16] 
If been suggested [11] that this type o 
| 
suggested that, as a result of this 
is formed and the 
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Theoretical Considerations and Measurements with 
Regard to the Longitudinal Abrasion of Rayon 
Filaments 


V. E. Gonsalves 
Research Laboratory, A. Kh. 1. and Affiliated Companies, Arnhem, Holland 


Introduction introduction to the derivation of the improved 
Phe longitudinal abrasion of a rayon filament can formula for determining ¢ which is discussed in 


Par ans se gives 
be achieved in a very simple way Phe tlament ts tt In any case, the latter formula gives a 


lear picture ing 
laid around a rotating roller under a certain tension clear picture of the initial phenomena during this 


Phe time which passes until the filament breaks abrasion process. It will appear that the abrasion 


can then be determined This time is a measure PFOCESs 1S So complicated that it is hardly possible 


of the resistance to longitudinal abrasion sie e an exact formula for ¢ 


Starting from certain simple theoretical assump In Part IIL some measurements are discussed 


which hay n threads ani 
‘ver ive been carried out on threads spun with 


mereasiny s ‘ j 
relationship between the time of abrasion until ; ing stretch hey how what factor 1s 


break, ¢. and the load on the thread It was primarily responsible for the Increasing resistance 


found. however, that this formula did not corre to abrasion of threads spun with increasing stretch 


spond with the experiumne ntal results This meant 
that during this ¢ \periment the wearing-olt process Part I 
did not take place in the simple way which had bor the sake of clarity, we shall first give the 
been assumed ormeimally derivation of the formula for the course of the ten- 
The abrasion process Was then examined more sion inoa thread which had been laid around a 
exacth Finally, a formula was obtaimed indicat roller, although this derivation may be generally 
\ ne the relationship between time of abrasion until known 
break and load on the thread tn a way which was Let us consider a single, homogeneous thread of 
| in far better agreement with the experiment, al uniform thickness which has been laid around a 
though this formula must not be considered to be roller under a tension P, (see | iwure 1) 
completely accurate Let the ingle ot wrap be &, the di ection. ot 
In Part | we derive the simple tormula tor deter rotation of the roller be that indicated in the figure, mi 
mining the time of wearing until break, f, as an ind the angular velecits of the roller be w 
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Let us consider the thread element d/ and the 
forces exerted upon it 

Then: 

AK, (P dP) cos da dP: 

A (P T dP) sin da ~ P + dP da ~ Pda 
Thus, the perpendicular pressure on d/ is Pda 
This perpendicular pressure causes a_ frictional 


force uPda, which is equal and opposite to dP 
dP = 
Phe solution of this differential equation re ads 
P = 1) 


It must be remembered that in the derivation 4 
is assumed to be constant; thus, « is independent 


of P This is the frst assumption 


We saw that a perpendicular force "da is 


exerted on di, The greatest perpendicular force 
occurs at a a (point a in Figure 1 At this 
pot the perp ndicular force on di is equal to Poda 
Here is exerted per unit of length of the thread a 
perpendicular force 


P 


Now, da . thus, the perpendicular force per 
unit of length at point a in Figure 1 (ea @) 1s 


When two threads are to be compared for their 
Wearing properties, it ws obvi 
ous that one must cause 
them to move under the 
same perpendicular pressure 
over the abrasive surtace 
Expression (2) shows that the 
situation indicated in) Figure 
1 meets this requirement 
When the roller rotates in the 
opposite direction, it is not 
possible to contorm to this 
requirement In this case 
the highest tension the 
thread would occur at 6 (Fig 
ure \t this point the 
tension is Py This tension 
gives a perpendicular pressure 
of the thread on the roller (per 
unit of length of the thread) 
which is) equal to Po 
R 

Ihus, for two threads with 
different trictional coef- 
hcients, w, this perpendicular 
pressure becomes different 


\t a (Kigure 1) the high 


est perpendicular fores 
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per unit of length occurs, and, consequently, the 


highest frictional force per unit of length 


P 


Thus, the greatest wear of the thread will occur 
at a, and at this place the thread will break The 
work, which is done by the friction, is force * dis 
tances \t an angular velocity w of the roller the 


distance / covered pet Is 


Rw 


Phus, the frictional work A carried out per se 


per unit of length of the thread at a amounts to 
R 


A pPw 


Rw; 


~ 


As we see, the frictional work is proportronal to 


P kor P 1 v., this frictional wor 


> equal 


LO pw 
Suppose the eross section. of the thread t ! 


With this assumption an abrasion constant (o,) has 


been introduced which is) characteristic for the 


thread \t a per sec., of material is wort 
away per unit of length kor this, ww g.cm. are 
required The useful effect, n. of the frictional 


work required for the wearing-off of the thread can 


be expressed by the formula 


Now let us assume that 9 is a constant quantity 
y is independent of Po a second assumption In 
that case the decrease im cross section per sec will 
umount to Poo, em” when the tension on the 


thread is Py ¢ 


If at the beginning of the experiment the cross 
section of the thread atter it will 


amount to 


0 Py-a; 


Then the tension in the thread wall be 


If the initial force to break the thread 


force is P 


then the force required per 
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TeXTH 


We shall 


to break the thread (‘strength’) is 7 


assume that this strength remains the same during 
the abrasion (third assumption) The thread will 
break when the tension in the thread becomes equal 
to the strenyth; thus, the time of wearing-off until 


break, f, is determined by the equation 


Py 


t-Py-a 


This simple formula indicates the relationship 
between the time of wearing-off until break, ft, and 
the wear susceptibility, 0; (this is the mass worn 
away per untt of length of the thread per unit of 
time at a load P 1), and the absolute tensile 
streneth, P, , of the thread 

In order to prevent as far as possible the occur- 
rence of error during the measurement of abrasion 
in consequence of the clongation caused by Py and 
the additional elongation caused by the abrasion 
itself, the following measures can be taken, the 
object of which is to keep the point on the thread 
where the abrasion is greatest as nearly as possible 
at the same place 

1. The angle of Wrap a» must be as small as 
possible his includes the important advantage 
that, in case of a slight eccentricity of the abrasive 
roller, the occurrence of any resonance vibrations 


ot the load P 


result of which additional forces besides Py» are 


in the direction of the thread, as a 


exerted on the thread, is appreciably opposed 
2. The radius R of the roller must be small The 
frictional work remains constant because this ts 


ince pence nt ot R see formula 3 


> 


The dist S see Figure 1) trom the roller 
to the fixed clamping-in point must be small 
$. The operations must take place with “dry” 


threads, because the resulting elongation is much 


hem than in ‘“wet"™’ threads 


less int 
In order to be able to verify formula (5) experi 
mentally, we had to use an abrasive roller which, 


at le wt fora relatively large number ot measure 


h drv threads, had constant or almost 


ments wit 


constant abrasive properties It was found that 


in abrasive roller covered with diamond-bort was 


suitable for this purpose Phe diamond-bort had 


been incorporated in a binding agent, which re 
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sulted in a laver with a thickness of about 1.5 mm motion of some millimeters in the axial direction of 
The length of the abrasive roller was 30 mm The the abrasive roller 
radius was 3.96 mm. Preliminary measurements For the measurements, individual filaments were 


showed that the abrasive properties of this roller used in order to keep as far as possible in agreement 
were not entirely constant. The roller caused a with the theory. For this purpose we used an 
varving wear, but the values fluctuated around an arbitrarily chosen filament of 2.5 den., 100/40 un 
average value finished luster varn This varn, which came from 


During the experiments the angle of wrap the normal preduction of the pilot plant, had a 


amounted to about 20°. The number of revolu dry strength of 247 and a dry elongation of 18°; 
tions of the roller was 2,850 per min. During the The following loads (P)) were applied: 3.5, 3.25, 3, 
abrasion the thread was subjected to a traverse 2.75, 2.50, 2.25, 2, 1.75, 1.50, 1.25, and 1 g 


TIME OF WEARING-OFF TILL BREAK ¢ IN MIN 
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The results of two series of measurements on the 


same type of yarn are given in Figure 2. 


According to formula (5), ¢ as a function of 


1 
should be represented by a straight ine We see, 
however, that the experiment does not give this 
result 

So, we had to conclude that exactly what happens 
during the abrasion certainly does not take place 
in such a simple way as had been assumed in the 


derivation of formula (5) 


Part II 


kor the derivation of the formula P, P"e* 
it had been assumed that ~ would be independent 
of P \fter further investigation it was found 
desirable to gO more precise ly into this matter 

[he measuring arrangement is shown in Figure 3 
With the aid of the tensiometer /, the tension P’ 
was measured at various relatively srnall angles of 
Wrap 

If the formula P. P’es were valid for these 
situations, log P’ as a funetion of a» should be 


represented by a straight line 


The results of these measurements are given in 


wure Fic. 3 


LOG P" 
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(Figure 4) w was calculated as a function of Py» 
see Figure 5). We see that uw is mot a constant, 


and that it is dependent upon P, 


This does not conflict with the validity of the 


formula P = P’e** for small angles of wrap because 


in this case P’ is only a little smaller than Pp. 
When ay = about 35°, P’ is only about 10°) smaller 
than Py». With this slight, gradual variation of 
the thread tension over the roller, « remains prac- 
tically constant, which experimentally resulted in 

the linear relationship between log P’ and a 
Our first assumption, that w is essentially inde- 
in 2 pendent of the thread tension, is, however, not 
correct 


In order to gain a better insight into the phe- 


We see that the functional relationship between 
log P’ and ay is linear, indeed. From this graph nomena occurring during the longitudinal wearing 
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; off, the experiment was carried out in a somewhat 
modified ways 
The measuring arrangement is shown schemati lime ot Decrease Decrease No 
cally in bigure 6. A normal rayon thread d (300 60 
is led over two frictionless rollers, 7, and rs, and is 
fixed to a rather strong pin, Pp, which rests on a 
heart-shaped cam, ht \t ba small aluminum plate 183 61 30) 
4 of negligible weight (20 mg.) ts fixed to this thread 2.52 BSS 6.6 15.0 0) 
3] The filam rit under examination, @, whi h at h Is 2.6 


fixed to the aluminum plate by means of a piece of 52 5.4 15.2 17.1 ”) 


Peis cellophane adhesive tape, runs over the abrasive 
thd 
roller, S, and is kept tight by the load P The 
\fter the experiment is finished, the part of 
es ftlament, ¢, is moved up and down over the abrasive rye 
| . the thread /,/y is cut off and examined vibroscopi 
roller, S, at a constant number of revolutions of the 
cally for denier \iter this the strength is deter 
cam, The velocity of the thread, e, in the up 
direction ia constant. In this wav the ined on the Heim apparatus In order to indicate 
ae filament is worn away regularly over a. certain he decrease in denier and strength caused by the 
c length, which is determined by the dimensions of © &@!: the denier and strength of the part are 
ne the cam. It can be expected that the thread will Compared with the denier and strength of another 
; wear away more quickly at the reversing points of | "@t-worn-out part of the same experimental thread 
{ 
x the movement (g: and gy in Figure 6 vl the part 
thus, for the examination of the worn-away por * V. E.. Taxtun Reskaaca 19. 300 


tion of thread, e. we confine ourselves to the part 1947 
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DECREASE IN DENIER IN 96 DECREASE IN STRENGTH IN 96 


DECREASE IN DENIER IN % 
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By performing many measurements in this way 
we obtained a survey of the percentage decrease in 
denier and the percentage decrease in strength 
during the time of wearing-olf, ¢, of the flament 

By “streneth” of a thread is meant the “relative 
100 den 
It must be remembered that during the abrasion 


strength” expressed in 


the thread ts subjected to a traverse motion of some 
millimeters on the abrasive roller, S (not shown in 
Figure 6 This motion as well as ti motion 
caused by the cam takes place relatively slowly 
The velocities are negligibly small with respect to 


the peripheral speed of the abrasive roller, S 
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During the first measurements carried out in this 
Waly the load, P 


equ il to 2.52 


was kept constant P, was 
g., the examined portion of the thread 
was 2.5 den. (2-bath--60°7 of stretch) The results 
of the measurements are given in Table lL. 

In order to prevent the measurements from be 
coming too prolonged, none were carried out which 
would have enabled a correction for any possible 
alterations in abrasive properties of the abrasive 
roller, S In consequence of this, we do not attach 
too much sigmifteance to a single measuring point 


It was more the general tendency in which we were 


interested The spre iding of the measuring points 
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cm x 10° 


200 


160 


120 


80 


40 


around this pene ral te ndencev may be caused by the 
not entirely constant abrasive properties of the 
abrasive roller 

The results collected in Table | are given graph 


ically in Figure 7. We see that in first approxima 
tion both the percentage loss in denier and the per 
centage loss in strength are functions of the time 
of abrasion, ¢, and these relationships can be repre 
sented by straight lines through the origins 

The measurement could not be continued to a 
de rease in lt nier further than about 20 Gs bec ause 
in that case the ends of the worn-otf part of the 
thread (g; and gq. in Figure 6) had already worn 
away so tar that the thread broke Particularls 
with regard to the percentage loss in strength, it 
does not seem probable that this would continue to 
increase linearly with the time of abrasion at a 
larger decrease in denier than 20°, We will, how- 
ever, assume that at least in the first approxima 
tion this is the case. This assumption enables 
the introduction of a new quantity—v2., 6—which 
is the percentage loss in strength per percent loss in 
denier This @ will be used for the interpretation 
of further measurements # is not a tunction of 
the time of wearing-off, ¢, owing to which it will 


he possible to formulate the wear phenomenon more 


clearly It must, however, be borne in mind that 
our tinal formula will be an approximation again, 


h it will have to be appreciably better than 


althoug 
formula (5), particularly for smaller losses in dentet 

Phe subject of the following experiments was the 
determination of the percentage decrease in denier 
and strength at various times of wearing-off and 
at various loads, P 

In order to reduce the total me isuring time, the 
number of determinations per measuring point was 
limited to 10 It was found that with this limited 
number of determinations per measuring point the 
decrease in denier was still progressing in a very 
definite w The decrease in strength, for which 
a far greater spread was always observed, was, 
however, less definitely determined in this war 
The results of the measurements are given in 
Figure & In these graphs the linear increase in 
the loss in strength with the time of wearing-oft 
has been induc ated by means ot dash lines in order 
to point out that the data refer to estimates 

The filament under examination was a filament 
of 2.5 den., the normal production of the pilot 


plant 


Krom the graphs of Figure &, 6, the percentage 


loss in strength per percent loss in denier, was now 


determined as a function of Py (see Figure 9 Wi 
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see that in the first approximation @ ts also a linear 
function of P. 


Moreover, with every measurement the friction 


coethicient, u, Was measured at a certain load Py by 
inserting a tensiometer between the rollers r, and 
Ts ol the 


measuring 


arrangement, as shown in 


} wure 6 When ug is known, it is possible to calcu 
late the frictional energy per min. per cm. of thread 
length, A, which ts spent on the thread surface 


load P 


Moreover, from the data of Figure 8 the quantity 


t 
it a 


of material, A, in ¢. which is worn away pe 


min 


t (MIN) «THEORETICAL 
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per cm. of thread length at a load Py can be calcu- 


lated. Thus, the quotient > indicates the efficiency 


A 
np, of the wearing-oft In Figure 10 9 is given as 
a function of P. 

The quantity of material, A, in g. which is worn 
away per min. per cm. of thread length as a func- 
tion of Ps is given in Figure 11 We see that 3 is 
not a simple function of P. 

Phe graphs of Figures 8, 9, 10, and 11 


show 
exactly what happens during the wearing-off Ifa 
formula is to be derived for the time of wearing-oftt 


EXPERIMENTAL 
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until break, f, then we must use the empirical data 
mentioned above 
that 


, that » is inde 


Furthermore, it must be remembered our 


second and third assumptions —viz 
pendent of Py and that the strength of the thread 


during the wearing-off is constant—have been 


proven to be incorrect 
Assume the situation as given in | iwure 6 to be 
such that the decrease in cross section of the thread 


at a load Py» be 


atter a 


per 
Thus, 


cross section is OU to. 


ecm 
time of wearing-oft of 
where O the initial cross 
section of the thread 

Expressed in terms of the initial cross section, the 


tension in the thread ts then 


Suppose further that the percentage decrease in 


decre im in 


is a for a load P. 


strength per percent cross section 


decrease in denier) 

ta 

\fter ¢ sec. the cross section has decreased by ) 
( 


x 100°; 


The at crease in stre neth Is the n 


If the initial absolute strength of the thread ts 


P,, after t sec., the strength ts 


7 
100 
0) 


100 


100 


Phe thread will break when the conditions of the 


following equation are fulfilled 


The time of abrasion until break, ¢, calculated 


from formula (6) becomes 


(5-1) 


In this formula, which must be considered a 


better approximation than formula (5), 


both 


neither a 


nor @¢ 3s constant, but quantities are de- 


pendent upon P \ better notation is 


For the 
formula (8 


measurements 


described Part 
has bee 1 applied in ordet to. di ate f 
1 


as a function of The 


P 


results are given in Fig 


ure 12 
Thus, tor 


the empirically determined values a, 


calculating the points in this graph, 


and @ 
were used 
Although the determinations described in Part | 


were not carned out under ext thy the same experi 


Part Il, 


mental conditions as those described in 


yet the variation of ¢ as a function of must be 


1 
P 


about the same for both measurements on a similar 


experimental yarn 
\s the 


also been carried out on 


measurements deseribed in Part | 


a yarn of 2.5 den 


had 
they are 
comparable with those of Part II 


In bigure 12 the measurements presented in 


a dash 


line; the scale was chosen so that the sh ipes of the 


| (Figure 2) have been indicated by 


curves could bn compared as accurate ly is possible 


is fairly close, from which it 
be concluded that formula (8 


The similarity mas 


essence of exactly what h ippens during the abrasion 


process 


“Wee 
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in Minute 

ength t Pe 
M.S min min y 
O.73P; 10 0.28 
OR8TP 4.5 0.30 4.28 
3.25 0.40 4.7 
0.35 19 
34 0.36 4.7 
0.8697 4.75 O44 6.3 
0.887 » 6.75 0.47 7.3 
O89P» 6.75 0.56 7.8 
O86?» 6.75 O51 8.6 


which 
Pre- 


will 


loads at these places, and then cracks occur 
initiate the breakage of the whole thread 
the breakage of thread 
immediately a more or less important 


the 


sumably, the whole 
after 
molecules on thread surface has 
been disrupted owing to the excessive loads at 
these plac Cs 

Now imagine that the increase in the percentage 
denier with 
the fact that the thread 
surface is roughened more appreciably 


Py, than with a smaller P With 


thread is, worth AWAY 


loss in strength per percent loss in 


merease of P. Is ¢ aused by 
with a larger 
ismall P 
“carefully” 


With a 


high Py the roughness of the thread is more pro 


the 
so to speak, 
that 1s, the thread surtace 1s less rough 
nounced, and the disorganization of the molecular 
regions on the thread surface ts great, as a result 
of which the maximum permissible tensions at those 


cs che iably 


hi) 
TABLE 
of 2.5 
Percentage 
decrease 
strength per 
percent 
lime of Decrease in Decrease in decrease 
Stretch ibrasion den. min strength (‘min den 
min @(% 8(% a (% 
0 O73 96 194 02 
10 1.10 19 8.2 1.68 
1.46 7.2 90 1.25 
146 19 83.5 2.76 
2.20 5.0 10.9 18 
sO 20 40 10.8 
oo 2.20 49 7.8 
As is evident from the above, during the longs 
tudinal abrasion of a varn there occurs not onty 
loss in denier but also loss in strength 
What causes this loss in strength? An attempt 
can be made to explain this with the aid of the 
skin-core theory The molecular orientation is far 
better in the skin than in the core; thus, the skin ts 
stronver than the core When the skin wears 
way (e to a: Figure 13), the absolute strength 
oft the thread will be le ss than the calculated \ luc 
for the absolute strength (calculated on the as 
sumption that we are concerned with a homoyenc 
ous thread (without skin-core 
This leads to loss in strength that ts, loss in 
relative strength, ing. 100 den 
Although it is now possible, and even probable, 
that something like this takes place during the 
longitudinal abrasion, vet this view cannot expla 
all the phenomena, for in this case the loss in 
strength should) be independent of P It was 


observed, however, that the percentage loss in 


strength per percent loss in denier increases with 
increasing Py (see bigure 9 
\sa 


loss in streneth is caused in the following way 


thread 


working hypothesis, we will assume that the 


Imagine a homogeneous without skin 


When such 


a thread ts subjected to long: 


tore?) 

tudinal wearing-off, not only is the material of the 
thread worn away but the surface of the thread also 
becomes rough that ts, it cracks and fissures are 
formed When the thread ts now loaded with a 
weieht (P»), localization of high tension may occur 


in the strongly disturbed molecular regions on the 


cracks These highl, loaded 


regions soon cannot bear the maximum applicable 


thread surface at the 


| 
| | | 


\ consequence of the above is that the percentage 
loss in strength per percent loss in denier will also 
have to be dependent upon the abrasive properties 


ot the load P the 


loss in depending upon the 


abrasive roller \t a constant 
will 
of the 


ticle size of the diamond-bort 


strenyth ary, 


abrasive roller—1.e 


“smoothness” 


the par- 


Part III 


Our investigation of the longitudinal abrasion of 
hlaments was continued on a series of threads spun 
Viscose 7.6.6.7, 100 40 
threads were stretched from 0°; to 80°, \s the 
various quantities to be determined are dependent 


on the load Po, one load P. 


with various. stretches 


only vis., 2.5 Was 


\ 
i) 
t 
| 
| = 
2.56 
"3 
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| 
| 
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5 apphed in order to enable comparison of the various function of the stretch (Figure 14¢) changes very 
4 experiments litthe with increasing stretch The result is that 
a bor every type of thread the decrease in den with these experimental threads the wear suscepti- 
i min., @, and the decrease in strength min., 3. were bility does decrease with increasing stretch, but 


je). determined at one time of wearing-otf (see column 2 the decrease cannot be called important. How- 
e in Table UI ach value represents the average ever. two favorable stretches can be mentioned 
of 30 determinations. krom these the percentage 1-bath, to 20°) of stretch, and 2-bath, 
: decrease in strength percent decrease in denter, a. ihout 70°). of stretch. 
wae cal 
; was calculated In Figure 14d the theoretical time of wearing-off 
} 
Pg In order to keep the strength of the thread dis until break has been plotted against the percent 
vet {re the sus hy 
; tinct from the wear susceptibility of the thread, we stretch The two stretches mentioned above are 
a introduce the concept minute-strengtl Ml clearly visible in this graph 
, te « } j 
| tf the absolute strength of the thread after a Moreover, the graph shows a decided difference 
bey nute we; is of the 
oe I-minute wearing-otf, expresses tern of the in the case of increasing stretch With this meas 
oriwinal absolute strength P, 
% : absolute strength urement the latter difference is not affected because 
oh burther, the theoretical time of wearing-ott, 7 
é and @ become far more favorable with increasing 
: was calculated with the aid of formula (8 
‘ x stretch, but because the absolute strength P» im- 
in ie Phe time of wearing-off until break, ¢,, was also 
proves appreciably (Figure 14e) 
tee determined by continuing the abrasion process in 
: So, with this measurement the absolute strength 
the normal way until the threads broke t.e. the 
oe is the important quantity, by which the difference 
7 hlament rested motionless on the rotating abrasive : 
re > in resistance to abrasion between the various 
roller In this case, our considerations in Part Il 
; threads is mainly caused 
apply as well The variation of as a function 
i In Figure 14d, ¢, has been plotted against the 
wQ of the stretch must occur im about the same way "1 
vercent stretch scale value tor f, Was again 
as that of as a funetion of the stretch if formula | 
. rosen so that the shape of both curves couk “ 
really cle scribes what essentialh happens during 


compared as accurately as possible. We see that 
the wearing-olf process 


The results of this investigation have been col the general shape of f,, corresponds with that of ¢, 


lected in Table 11 and in Ficure i4e~e This indicates again the qualitative serviceability 


When considering the results (see Figure 14a-d), of formula (8) 


it is striking 


minute-strength 


Correction 


In “Cellulose Studies, NTEL, NIV, NV by Richard Steele and Eugene Pacsu, 


which appeared in Reskarcu JourNAL, December, 1949, through an 
unfortunate oversight, two errors of omission were mac Dr. Steele was an 


\vondale Mills Fellow of the Textile Research Institute while engaged in_ the 
work reported in this paper The authors wish to ackn wledge the Avondale 
Mills, Sviecauga, Alabama, whose financial support of Dr. Steele's Fellowship made 
possible his participation mm this stuck They are also indebted to the Office ot 
Naval Research, under Contract No. N7-onr-374, Task Order 1, Amendment 1, 
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KImer recording infrared spectrometer which was used in this work 
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Submicroscopic Structure of Cellulose from 
Nitrogen-Sorption Measurements’ 


Charles M. Hunt, Raymond L. Blaine, and John W. Rowen 


Rurea 


untreated cottot 
Calculat: 
ese materials 


maximum at 


I. Introduction 


native and rey 


fibers contain longitudinal submucroscopic channels or 
that such a structure can be produced by imbibition of 


water has been suggested from a number of lines of 


evidence tor example, X-TaV are ultramicroscopic 


studies of fibers in which metals have been deposited 


from solution [&, 9%, 14] \ review of this subject 


has been presented by Frey-\Wyssling | 10] and Hoch 
and Mark |15e] 


cellophane has been suggested to expla its use as 


The existence of channels in wet 


a semipermeable membrane, and Valko [15/]| has 


reviewed the measurement of pore diameters in this 


material by different methods and has cited vi 


most of which le between 40 and 60 A. The obser 


vation of Collins |5, 6] that cotton and rayon fibers 


11 


swell laterally but very little longitudinally 


upon 


ubing of water indicates that some lateral 


sort of 
separation of the chains occurs in the swelling process 


Previous work in this laboratory showed that the 


‘area of a cotton sampie was 0.72 sq. m 


per v 
when based on the sorption of nitrogen at liquid 


nitrogen temperatures and calculated by the Bru 


When this equation 


nauer-Emmett-Teller equation 


was applied to the data based on the 


sorption ot 


paper appeared also im the 


Rure i Standards 


a spect 

From this it was 

vions within the 
Shaw and 
when they 


red the 


| sorption of cet 


How 


2] reported that 


tain proteins | and sodium ; 16] 
\ssaf, Haas, 


cotton linters soaked in sodium hydroxide and carried 


through a solvent-exchat 


procedure ha 


] 
lated a as great 


nitrogen Thus, it 


fiber ordinarily available only to water were mace 


vailable to mitrogen 
The experiments reported here were undertaken in 


order to study the structure of expanded cellulose by 


low-temperature nitrogen sorption, 


this type on 


carned through the procedure ont 


Purves, and nitrogen adsorption-ce 


were obtained Pore-si 
lated from the desorption 

certain silica gels [19, 20] and other materials | 3c| 
The effect of adding water vapor to the expanded 
| 


material was observed, and an experiment wi ar 


ried out to see whether or wen sorption 


Jaxwany, 1950 ‘3 
plac 
ta 
aa of Standards, ashinaton, 1). 
Abstract 
transterred successively to methyl ak and benzene ind caret reed at re we pre 
4 surface area as great as 71.3 sq. m. per g. was obtained by the Brunauer-Emmett-Teller 
iz carried through the above steps after soaking in water instead of in alkali had areas as great a = 
aes 47.3 sq.m. per g. When the alkali-treated sample was conditioned ter vapor toa J 4 pos 
ast vain in weight, the surface decreased to 31.6 sq. m. per ¢ irther condit ng to an Td i 4 
enht decreased the surface to 2.1 sq. m. per ¢ 
The isotherms the treated « » th, ‘ rm 
r i treated sample ved g hy 
showed httle or no hysteresis 
i pore-size distribution by the method it Wheeler and ate that 
ax have rather narrow distribut ranges, the alkali-treat material having a . 
a pore radius of about 20 A. and the water mater amaximum at about 16 A 
abe water at 25°C by the same cotton, 
sq.m. per g. was obtained 
The view that Menerated cellulose 
eee evident that water had access to re il 
coworkers miact similar obser 
Wot Na a \ 
as 64.7 sy. im. per g. available to 
wet 
St} 
ments ot other adsorbents have been 
found to have real sigmiticance Cotton linters were 
at 
che 
‘ 


\ 


be obtained with cotton linters pre soaked with 


water instead of with alkah 


II. Experimental Procedure 


hye ample of cotton lmters 


used m this work 


vas furnished by the Hercules 
courtesy of H. M. Spurlin and 
Van Wyck It was designated a 05843 Grade 27L\ 


Cotton Seed Hull Shavings Pulp 


wader Comnany 


\ccording to cle 


ermptive material turnished by the company, 
eal cotton of this type is digested with dilute alkah 


and bleached Phe 


cositv ot GOR sec in 2.5 100 mal 


AC cuprammonium solvent, corres 


sample had a reported * Vis 


Intraiae viscosity of about 9 and a degree of pols 


merization of about 1,800 The material was used 


without further purification. The methyl alcohol and 


benzene used in the solvent-exchange described in 


this study were dried by distillation sodium 


trom 
The control sample of cotton linters (sample 1) 


recetyo no treatment 


Sample B was put througl 
Assaf, Haas, 
most of the 


the procedure deseribed by and Purves 


[1] end neutralized after alkali was re 


moved No preluminary dewaxing was performed 
because the material wet readily with water \iter 
drying in vacuum the sample was stored several 


weeks over a drying agent and parattin before use 


The parattin was used as an absorbent for desorbed 


benzene vapor e ( Was prepared by soaking 


#t cotton linters for 3 hrs. m water at room 


temperature The sample was then pressed to re 


move excess water and transterred to 4 1. of absolute 


methylaleohol After 30 min. the sample was pressed 


and transterred to a 


second portion af methanol 


Ihe process once more 


aleohol and 


wuum-dried 


rey ited with methvl 


twice with henzene The sample was 


intermittent evacuation to a pres 


sure of about 25 


mm. Eye and was stored over a 


drying agent and parathn 
to that ot \ssaf, Hlaas, 


procedure is similar 


and Purves, but the pre 


luminary swelling was done with water alone at room 
temperature mstead of with sodium hvdroxide 
manice bath 

hive to 7 g. of samples 4, A, and C were quickly 


transterred trom the desiccator and sealed ito glass 
\ glass plug was placed on 


this 


top of ¢ ich 


sample and permutted the 


1 
seating Tame to 


apphed 2 to 3 om. trom the cotton 


without unduly 


mecreasing dead space The tips of the holders were 


* Private communication from Peter Van Wyck 


1 
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drawn out so that they could be easily broken off and 


resealed. Samples .4 and C were outgassed over- 


night, or longer if necessary, at room temperature in 


order to obtain a vacuum of 10°° mm. Hg, and nitro- 


gen adsorption-desorption isotherms were obtained 


Nitrogen adsorption-desorption measurements were 


made on sample B beth after outga 


gassing at liquid 


nitrogen temperature (determinations 1, 


and after outgassing at room temperature (deter 


mination 4) in order to see if large differences would 


amed 


Sample B was then conditioned at 20 


25° Conditioning 


plished by passing nitrogen through sulfuric acid of 


relative humidity was accom- 


proper concentration, glass wool, and finally through 


the sample Passage through the sample was 


achieved by bre iking the tip of the holder ; after con 
Che 


order 


stant weight was attained the tip was resealed 
sample was outgassed under liquid nitrogen i 
to retain the water which had been added, and nitro 
gen adsorption-desorption measurements were made 
(determinations 5 and 6). The process was repeated 


after conditioning the 


sample at 70-75% relative 


determinations 7 and &). The sample was 
then dried by passing nitrogen dried with magnesium 
perchlorate through the sample. Nitrogen adsorp 
tion-desorption measurements were made after out 
gassing at room temperature. This provided a means 
of determining whether any of the nitrogen-sorption 
capacity of the sample lost by hydration could be re 
vained by removal of the 


and 10 


water (determinations 9 


Nitrogen-adsorption measurements were made with 


} 


similar to that 


an apparatus described by Emmett 


| The saturation vapor pressure of the nitrogen 


at the temperature of the liquid-nitrogen bath was 


determined by a vapor-pressure thermometer, using 


the purihed nitrogen employed for the adsorption 


experiment \ correction for the non-ideality ot 


gen was calculated, assuming that the volume of 


nitrogen in the dead space at 760 mm. Hg pressure 


was 5° greater than that calculated from the ideal 
gas laws, and that the percent deviation varied linearly 


with pressure, bemg ne i} 


e at very low partial 


pressures 


Pressure-volume measurements covering a range 


of pp, trom less than 0.1 to above 0.9 were made, 
where p is the pressure of mtrogen above the sample 


and p 


is the vapor pressure of liquid nitrogen at the 
temperature. Each adsorption-desorption 1so 
therm determination required 2 or 3 days to complete 


\pparently, longer times were required to reach equi- 


as 
: 
| 
ae 
dq 
id 
xt 
4 
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librium on the steeper portions of the curves than o1 
the flatter portions. Final readings were recorded 
when two pressure readings taken 10 min. apart did 


not differ by more than 0.1 mm. Hg. Pressure read 


ings obtained in this way usually agreed within 1 ot 


y ag 
2% with readings obtained when the sample was left 
overnight, the drift being in the direction of slighth 
greater nitrogen adsorption in adsorption measure 
ments and slightly less nitrogen adsorption m= de 


sorption measurements 


III. Nitrogen-Sorption Isotherms 


The volumes (ml.) of nitrogen adsorbed per g. of 
sample are given in Table 1, and typical isotherms 
are shown in Figures 1 and 2. The untreated cotton 


linters (Figure 2, curve A) adsorbed much less 
nitrogen than the other samples and had a type II 
isotherm |3a]; that 1s, the curve gave no indication 
of leveling off up to the highest partial pressure 
measured. No hysteresis was observed within the 
lunits of experimental error. The adsorption of mi 
trogen by untreated cotton is conceived as being a 
multilayer adsorption process in which capillary con 
densation plays little or no part 

The cotton swollen with alkali and subjected to 
solvent-exchange (Figure 1, curve B) and the cotton 
swollen with water and subjected to solvent-exchange 
(Figure 2, curve C) had what appeared to be type 
isotherms [3a]. Strong hysteresis was observed, 
with inflection points in the desorption curves at pat 
tial pressures of 0.49 and 0.47, respectively 


When sample B was conditioned to a 3.3% gain m 


weight at a relative humidity of 20 the ise 


therm (Figure 1, curve B’) also appeared to be type 
IV, with strong hysteresis. The sorption capacity 


was smaller, however. When sample 2 was further 


conditioned at 70-75% relative humidity to a weight 


11.0% greater than the weight of the original sam 
ple, the form of the isotherm changed com 
(Figure 1, curve B” It was more like a type I] 
curve up to the highest partial pressure measured, 
and showed measurable hysteresis, with both branches 
convex in shape with respect to the pressure axts 


ow at 
al 


When sample B was redried after conditionin 


70-75% relative humidity, an tsotherm identical with 


curve B” in Figure 1 was obtained 


IV. Surface Areas 


The volume of nitrogen required to cover the 


adsorbate with a unimolecular laver was determined 


from nitrogen-adsorption data between values 


of 0.05 and 0.3 by methods already described | 3), 4, 


7 | Surface areas were calculated from this volume, 
assuming that each nitrogen molecule covers an area 
of 16.2 sq. A The values are summarized in Table 
Il. Each value in the table represents a single deter 


mination; the values are listed in the order m which 


The area of 0.5-0.6 sy. m. per g. tor untreated 


cotton linters is comparable with the 0.72 sq.m. pet 


g. previo obtaimed in this laboratory tor a cotton 


iwhtly larger than the value ot 


| 


varn |17] 
O16 sq. ™m. per g reported by Howell and Jackson 
12] from microscopic measurements, This suggests 
that there may be a few accessible surtace irreyulari 
ties and pores, but nitrogen does not penetrate the 
untreated cotton fiber to any great extent 

However, when the linters were given the treat 
ment of Assaf, Haas, and Purves, a large surtace was 
obtained, such as they reported Suecessive addi 
tions of water to the sample greatly decreased the 
surface available to nitrogen, and when the water 
was removed the surface area remained at the same 
low value The sensitivity of surface area to small 
amounts of water indicates that retinements aimed at 
the comple te re moval and TIVOTOUS EXC lusion of water 
would lead to ligher surface areas than those given 
in Table | 

The collapse of expanded cellulose upon wetting 
and drying suggests that the expanded material ts in 


ublished work of P. H 


1 
an unstable state. Recent un 


Hermans * indicates that the « <panded ce 


has 


an x-ray diffraction pattern which 1s somewhat cit 
ferent from that of native cellulose (cellulose | 

Since expanded cellulose tends to revert to cellulose 
[ upon wetting, it appears that the water molecules 
assist the cellulose in the expanded state in getting 


Water probably faci 


tates lateral and transverse ordering through the 


formation of hydrogen bond It is beheved that this 
ability at the cellulose molecule to hecome linked 
with other cellulose molecules by means of inter 
molecular hydrogen bonding responsible tor many 


il properties of cellulose, such as msolu 


bility and strength 


Swelling llowed by solvent-e xchanye 


from methyl alcohol to benzene without prior alkali 


treatment Iso produced a large mecrease in the caleu 


lated surface area of the cotton limters ‘| hus, while 


10% sodium hydroxide undoubtedly produced struc 


* Communication through Dr. Mark to one of the authors 
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P/R 
] Vitrogen adsorptioy esorptior sotherw 
Sample By) {lkali-swelled nt-exchanged 
otton linters letermination 4) / } ned a 
20--25¢ relative humid (determination B B 
conditioned at 70-750 relative humidit determina 
fion &) 
ai cha su rw cottor ber, the use of alkah was 
tural changes in the tton fiber, the use of alkah wa 


not necessary to make comparatively 


to 


> 


within the fiber available nitrogen \ 


Kistler 1s of interest in s connection 113] 


prepared aerogels from a large nun 


and organic materials by substituting a swelling 
liquid within the gel by using a liquid which could 


be evaporated above its critical temperature im at 
Thus, it 


in the structure with 


autoclave Was possible to re place the liquid 


a gas without allowing the sur 


face of the hquid to “recede 


gel.” Kistler 
bie 
prepared an aerogel trom cellophane by extracting 


the 


The propane was removed in an autoclave at 115°¢ 


within the 


states that this last condition is quite 


wet material with ether, followed propane 


The procedure employed here differed in at least 
one important respect from that of Kistler in that the 


final liquid used was benzene, which was removed at 


room temperature. However, the high sorption ca 


pacity for mitrogen suggests that the material had 


some of the properties of an aerogel \pparently, 


the cotton linters possessed sufficient rigidity to retain 
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TABLE SemmMary of De 


Deter 

minat 

Ne 

Sample \, control 
Outwassed at room temperatur 2 
Sample B, NaOH and solvent-exchange i 
Outgas acl at hie I-nitrowen tempera 4 
ture ; 
Outgassed at room temperature { 


Sample B, conditioned at 20-25 RH 
Outgassed at liquid-nitrowen tempera 


ture 6 


Sample B, conditioned at 70-759 RH 7 


Outgassed at hquid-nitrogen tempera 


ture 
Sample B, redriued 9 

Outgassed at room temperature 10 


Outgassed at room temperature 


much ot the expanded structure ever 


henzene-air mterface was allowed to 
the vel \s already noted [2], water 


removed in this way without collapsing the expandes 


structure of cellulose 


‘ 
pat 
surtace 
mm 
per 


17.4 

16.5 
oh the 
de withu 
annot be 


Itas to be noted in Table IL that a repeated surtace 
| 


area measurement on the « xpanded material is 


ally liohitlhy lower than the preceding 


suggests that the exparided state is un 


V. Pore-Size Distributions 


plays a part in the process 

to mterpret hysteresis on the 
than capillary conaensation, 
statistical mechanical treatmen 
expheitty interpret it in terms 
tion [11], hysteresis in the tse 
has yenerally heen ittriin 


i2 


Brunauer | de] has reviewed mu 
subject Postulation of the « 
wet cellulose based on evidence 
suggested that pores might ¢ 
| 


which water had been remover 


Hysteresis in the sorption isotherm 
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ed by the 
method of Wheeler [21] and Shull [19] from the 


Pore-size distributions have been calcu 


ure 1, curves B 
and B’, and Figure 2, curve ¢ These distributions 
have been plotted in Figure 3 

Phe method ts briefly outlined here It corrects 
the capillary radu, as calculated by the Kelvin equa 
tion, tor the thickness of the laver of gas laid down 


multilave r adsorption | he ore-size distribution 


s based upon integration of the equation 


whe re | is the volume ot gas adsorbed at satura 
tion pressure, 11s the volume of gas adsorbed at 
any given partial pressure, r is the pore radius, 
fis the thickness of gas laid down by multilaver 
adsorption, L(rjdr is proportional to the total length 
of pores whose radii fall between r and r + dr, and 
R is the Welvin radius corrected for multilaver ad- 


sorption and is given by the expression 


doi 


R,7T In 


~ 


in which @ as the surface energy of the adsorbate 
at the temperature of adsorption T, ¢ is the molar 
volume of the adsorbate in the liquid state, R, is 
the gas constant in ergs mole degree, and p Pp. is 
the relative pressure 

Equation (1) is integrated by assuming that LU 


is either a Miaxwelhan distribution, 


Ltr Ast 


or a Gsaussian distribution 


or the sum of a Maxwellian and a Gaussian dis 


tribution, 


Lis Asc 


A. and A, are constants, and r., r;, and B, are 
parameters 

By way of illustration, when the equation for a 
Maxwellian distribution (equation (3a)) is sub- 
stituted in equation (1) and the integration is 


carried out, the expression 


I AwAM(R, + 4) 
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WiR,r.) is a function of 
thickness 


is obtained, where 
Shull has 


al number ot values ol 


and contains ¢, the multilaver 


calculated this function for 
R and r 


inverted isotherms by plotting M(R,+r 


and has prepared a family of standard 


> 
against R 


on the logarithmic scale of semilog paper 


xperi 


mental V, — | values are 


similarly plotted on a 
R, the 


matched with the standard isotherms to f 


logarithmic scale against and curve is 


one giving the closest fit 


the 


This gives the param 


eters of standard distribution closely 


most 
approximating the experimental distribution, and 
the constant A, may be obtained by 


W(R,r.), and V, 


he procedure is similar for a Gaussian distribution 


substituting 
values of r., in equation (4 
and entails a few more steps for the sum of a Mav- 


wellian and 


a Gaussian distribution, but involves 


gas sorbed in pores with radii between 7 and r + dr 


curve-matching in each case total volume of 


is Vir)dr, and this volume distribution function is 
given by 


mr’Lir) 


have been made m applying 
this 
the 


method - r is the bast assumption of 


method itself, hat the sorption process takes 


place in circular pores whose radu may be caleu 


lated from the Kelvin equation, corrected for multi 


laver adsorption. It has also been assumed that | 


of nitrogen required to condense and 


exactly the pores, may be obtained by extrapo 


lating the isotherm to saturation pressure, and it has 


heen assumed that the adsorbent undergoes no im 


portant dimensional changes during sorption 


Sample B ( Fig 3, curve Bj) is shown as having 


mist sorbed within a rather 


narrow 
distribution with a maximum 


When the sample 


range of pore radi, 


lume at a pore radius of 2 


conditioned at 20-25% e humidity 


the 
pore 


maximum volume remained at 


about the same radius The mechan 


which addition of water to expanded cotton reduces 


subsequent Capacity tor mitrogen ts not clear at pres 


ent. It is difficult to visuahze a uniform multilaver 


process by which water could be deposited in pores 


without decreasing pore radius. If it is assumed that 


a certain fraction of the entire pore length in the 


sample is completely destroyed by water while the 


remainder 1s left intact, pore vol could be de 


ume 


yg radius. The volume 


creased without changing pore 


or water added was nearly large enough to account 


49 


if it had merely taken 
specie 


action in the 


ot water Was more 


pore volume ot 
which suggests that 
1 cotton had taken 
relative humidity 

m solvent 
4 were analyzed 
slightly broader dis 


lo 


at 


relative humidity 


estmating for a twp 


lultilaver adsorption process 


hould approach imfinity 


lation 


would hay oO physi 
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ture destroved 


the 
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Letters to the Editor 


Prevention of Supercontraction in Modified Wool Fibers 


HarRIS RESEARCH J|LABORATORIES 
1246 Taylor Street, 


( 


October 4, 1949 


To the Editor 


TEXTILE RESEARCH JOURNAL 


Dear Su 


Although setting reactions have long ago achieved 
commercial importance both in the woolen and hair 
waving industries, it is only since the early thirties 
that the problem has received scientific investigation 


general phenomenon whereby 


“Set” is the term used here to describe the 
a keratin fiber main 
tains a length greater than its original length as a 
result of a given treatment. It is also possible for a 


fiber to be fixed at a length less than its original 


length, and such set is referred to as “supercontrac 


tion.” 

On the basis of extended investigations, Speakman 
[8] suggested that supercontraction is mainly asso 
ciated with fission of the disulfide linkages. He 
showed that under certain conditions compounds such 
as sodium sulfide, sodium bisulfite, silver sulfate, and 


potassium cyanide—a variety of agents which rup 


ture disulfide bonds 


hair 


and 


supercontract wool or 


fibers. In recent years, both supercontraction 
set have been the subject ot a great deal of investi 
gation because of their importance in the understand 
ing of keratin reactivity and structure \s a result 
of much of this work it is now generally recognized 
that the rupture of covalent disulfide bonds, and of 
secondary forces such as electrostatic salt linkages 
and probably hydrogen bonds, occurs during super 
contraction reactions | 1, 3, 5] 

The supercontraction which occurs when keratin 
fibers are treated with boiling sodium bisulfite solu 
tions has perhaps been studied in the greatest detail, 
and it is definitely established that the tvpe of keratin 
fiber, as well as its previous history, affects the mag 
nitude of supercontraction [12]. Supercontraction 
behavior may therefore be used as a means for de 


More 


tecting chan; in the condition of a fiber 


over, since supercontraction ts associated with break 
down of supercontraction 


would be considered evidence for the presence of 


keratin network. It 
with alkah 


stalnlized cross-linkages im the 
that 


{9], with the formation of stable 


has been shown treatment of wool 
bonds, 
eliminates supercontraction in | 


that 


Hling bisultite It is 


also known certain formaldehyde treatments 


which may introduce additional stabilizing cross 


linkages in the keratin molecule yield moditied fibers 
which do not supercontract im bisultite [11] 

Some vears ago, we deseribed the modification of 
wool fibers by reduction with thoglycolate and sub 
dihalides [6] It 


could be predicted from the above that the conversion 


sequent alkylation with alkylene 
of the disulfide groups to /is-thioethers by this reac 
tion would affect the supercontraction behavior, and 
it was shown that such modified fibers indeed did not 


[10] 


have deseribed the preparation of modited stabilized 


supercontract: in Iisultite More recently, we 


Worl by 


simple, inexpensive modification 


simul 


one step 
treatments involvin taneous reduction and al 
kylation with morgame reducing agents, such as sulf 
alkvlene dihalides at 


oxvlates and hydrosulfites, and 


elevated temperatures [4]. Chemical evidence, and 
the determination of mechanical properties, indicated 
stabilized 


cisulfic 


the presence of cross-linkage 


The 


contraction behavior of such moditied wools h 


through 


modification of RTOUps super 
as TOW 
heen letermimed 


The data for wool moditied with hydrosulfite and 
ethylene dibromide are given in Table | 
10 tibers 
botled 
the respective solutions so that all were treated iden 
tically 


| he value s 
The 


simultaneously im 


given are the averages for treated 


and untreated fibers were 


The modified fibers supercontracted less than 
1% in bisulfite, whereas the untreated fibers super 
20% 


contracted almost Simular 


experiments were 
performed with fibers modified with sodium sulfoxy 


late formaldehyde, and methylene dibromide as pre 
viously deseribed 4}, and again the treated fibers 
supercontracted less than 1% 
the untreated fibers supercontracted 26% 

In the study 


that 


in bisulfite, whereas 


of the modification reactions, it was 


found wool was fibers 


severely damaged and 
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UNTREATED AND Mooiriep Woot. Fibers 
Supercontraction® Supercontractiont 
lreatment in 5° NaHSO in O.2° 
‘ 
Untreated 19.2 256 
NaS O.(CH, 07 0.7 
* Fibers were treated for 40 min. at the boul 
t The bath was adjusted to pH 8.4 with O.25M borat 
lreatment was for 40 min. at the boul 
$ The tibers were treated along with a piece of wool cloth 
ina bath contaming 0.5°) borax (in solution) and 5°) sodium 


hydrosultite and 10°, ethylene dibromide on the weight of the 
wool The bath rath: wa 30:1, the pH was 90, and the 


treatment was carried o 


supercontracted if alkvlene dihalide was omitted 


from the reaction hath containing hvdrosulfite at ele 


vated temperature 


also an excellent supercontraction medium It is 


seen in Table | that the moditied tibers did not super 


contract im this medium, whereas the untreated thbers 


upercontracted 25% 
This behavior on omission of alkvlene dihalick 
sup ye ted an 


from a hvydrosultite bath Interesting 


experiment-——that is, the addition of alkylene dt 
halide to bisulfite baths to prevent supercontraction 
Che reaction was carried out in baths adjusted to 


pli &.2 with 0.25.47 borate buffer so that rapid alks 


lation could oceur The data in Table Ll show that 
the addition of ethylene dibromide madeed prevented 


lo our knowled 


supercontraction ge, this is the only 
recorded ex unple ot the prevention of supercontrac 
tion damage in boiling bisultite solutions The cloth 
Which was treated with the tibers in the bisulfite alone 
was harsh and gave a positive nitroprusside test, 
whereas a negative test was obtained with the cloth 
treated in the presence of ethylene dibromide 

All ot these results are evidence for the promiment 
role of disulfide rupture in supercontraction, and, of 
course, the lack of supercontraction in the moditied 
fibers indicates that stabilized cross-linkages have re 
placed the labile disulfide bonds In regard to the 


prevention of supercontraction in the boiling bisulfite 


| 
solutions by the addition ot ethvlene dibromide, this 


is exactly analogous to the prevention of supercon 


traction in alkaline hydrosultite solutions in the pres 
ence ot the dithalice We suggest the following ex 
planation tor this behavior: When the fibers are 


treated with the morgamic reducing agents alone at 


ele vate ratures, disultice groups are broken, 
} } » 
excessive swelling occurs, and, on a molecular scale, 


such rearrangement of peptide folds may occur that 


= 


TeX TILE 
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PABLE If TREATMENT OF Woon Fipers 
Bisuceite Barus Apyustep pH 8.2* 


Addition 


vercontraction 


None 7.8 
CH, 00 


Fibers, along with a piece of wool cloth, were treated in 


the baths (30:1 ratio) for 1 hr 
+ 10°) ethylene dibromide on the weight of the wool was 


present in the bath 


an entirely different molecular configuration results 
Under these conditions, supercontraction occurs. On 
the other hand, when cross-linking reagents such as 
alkylene dihalides are present in the reaction mix 
ture, the sulfhydryl groups which form immediately 
react with the cross-linking agent to form stable 
cross linkages In this way, before 


changes can oecur through molecular rearrangement 


any profound 


ot the protein chains, the formation of the new link 
ages maintains the original cross-linked fiber struc 
ture, and, therefore, supercontraction is prevented 
and the desirable mechanical properties of the origi 


nal fiber are maintained 
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Selection of Electric Drives for Looms 


* 


R. J. Demartini? and A. F. Lukens! 


Abstract 
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Introduction 


Because the load imposed on motors applied to 
conventional weaving looms is so complex, including 
many components of differing characteristics, proper 
application of such motors has required special 
skills and laborious techniques. Recently, a pro 
gram ot analytical testing directed at developing a 
simple, straightforward method for selection of loom 
drives was completed. A new line of loom motors 
was developed, and the methods discussed here 
played a prominent part in the formulation of final 
specifications. This paper presents a summary of 
the fundamentals and a discussion of the basi 


mathematical relations evolved. 


The Problem 


What is desired is a method whereby, given basic 
physical constants of a loom, it will be possible to 
determine the characteristics of the proper drive 
for it If the mechanical motions in loom operation 
can be reduced to a few basic mathematical rela 
tionships built around values of the loom constants, 
the job to be performed by the drive may be clear] 
detined With these mathematical tools at hand, 
the task of selecting the proper motor should be 
considerably simplified. This is precisely the ap 


proach described in this paper 


* This paper was presented it the VL | rie 


New Haven, Apr 1948, and in Atlanta, Ma 14! 


appeared in A LEE. Transactions 68, Part 1, 349-56 (1949 
+ Paper and Textile Division, Industrial I 


ons, General Electric np 
Apply ition En neer nt Ind n M 
General Electric Company, I n, Ma 


Ultimately, the drive chosen must conform to the 
following functional specifications 

1. The drive must have sufficient torque ability 
to operate the loom even under the extreme condi 
tions exemplified by the high-load break-in period 
and by those installations in which supply voltage 
mav be low 

2. Operation of the drive must be such as to 
impart the proper “feel” to the loom —a character 
istic Which is very important to the trained loom 
fixer, and to be evaluated by him Phe amount ol 
speed variation pick to pick and the character and 
magnitude of loom vibration are tactors which de 
termine the “‘feel.”’ This factor has not vet been 
reduced to quantitative values 

3. The drive must operate on the loom load 


without overheatin 


The Loom 


The loom in its earliest form (Figure 1) consisted 
of anv convenient horizontal beam trom which the 
warp, or lengthwise, yarns were hung, a bobbin 
carrving the “welt” (or “hlling”), or crosswise, 
varn, and a flat wand the function of which was 
to separate the warp ends in order that the bobbin 
might pass between them and to beat the weft into 
pl we alter eact imsertion Stones were olten hung 
as we vhts at their lower extremities in order t« 
maintain tension in the warp yarns during the 
weaving Operation. To obtain a plain one-up anc 
one-down weave, alternate varns were moved for 
ward by rotation of the wand The bobbin was 


handed across from right to left in the “shed” thus 
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STONES 


WEFT 
ON BOBBIN 


INSERTING THE WEFT 


BEATING -UP 


Fic. 2. Diagrammatic cross-sectional view of loom 


Fic. 3. Diagrammatic three-dimenstonal view of loom 


formed, and the filling varn thus laid in position. 
was beaten into the fabri Phe wand was then 
withdrawn and reinserted between the ends, this 
time with the warp yarns which previously lay on 
the rear side brought forward and those in front 
dropped to the rear Phe bobbin was then passed 
through the shed from left to right and the wand 


used to beat the varn into the fabric This process 
was repeated over and over to produce a web, or Fic. 34. Photograph of a modern weaving loom 
fabric 


In Figures 2 and 3 are shown the elements of a over and under the “lease rods."" The principal 
modern power loom and in Figure 3A, a photograph function of lease rods is to separate the closels 
ot a modern loom The same basic functions as spaced ends so that the weaver can more easily 


practiced in primitive weaving are incorporated in trace individual ends when tying broken ones 


this automatic machine. Warp varns, which here From here, each varn is fed through its own 
mav number 10° 15,000 or more, are manv hun-  ‘“‘heddle,’ a steel wire with an eve through which 
dreds or thousands of vards long and are wound — the varn passes in the harness frame. The raising 
parallel on a large spool called a “beam.”’ This and lowering of the harnesses, and thus of the warp 


term has been carried over from the early loom — yarns, positions those varns above and below each 


construction This is placed at the rear of the weft thread in the order required to obtain the 
machine, its center-shatt set in bearings to permit) pattern desired in the finished fabric In Figure 2 
rotation as the warp ends are paid off \llof those there are shown just two harnesses—-the require- 
ends are led up over the guide-roll ('whip-roll"), | ment tor producing a plain one-up and one -down 


divided into two equal-numbered systems, and laid weave With each “pick,” or flight of the shuttle, 
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one harness is raised and the other lowered. From 
each harness, the two varn systems converge to 
enter the fabric, forming a shed. Between the 
harnesses and the “‘fell"’ (weaving point) of the 
cloth the ends run through the slots (‘‘dents” 
formed between closely spaced vertical flat wires of 
the “reed” (Figure 3) \ bell-crank-driven lever, 
called the “lay,” 
the weft varn into the cloth and then back out ot 


carries the reed forward to push 


the shuttle’s path. The woven fabric passes overt 
the “‘breast-beam”™ and around a positively driven 
take-up roll and onto a winder, the ‘cloth roll.”’ 

The “shuttle,” carrying the weft varn, is pro- 
pelled across the loom in flight under the impact 
of a blow from a rapidly moving lever, called the 
“picker stick.” This stick, usually made of hick- 
ory wood, is accelerated rapidly by a cam control 
and imparts its energy suddenly to the metal-nosed 
shuttle as it strikes it. The shuttle darts across 
the loom, decelerating to a stop at the far side 
under the action of a spring-loaded friction drag in 
the “box.” 

In the weaving operation, each of the loom ele- 
ments performs its function ino proper sequence, 
which is determined by cams and gearing. The 
order in which the operations occur is as follows 

$s Harnesses are positioned to raise some Warp 
ends and lower others. 

2. The lay, carrying the reed, moves to the back 
position toward the harnesses, and as it approaches 
the end of its rearward travel, it is decelerated and 
its direction is then reversed. 

3. Struck sharply by the picker stick, the shuttle 
flies across the loom, trailing the weft varn behind 
it, and comes to rest in the box at the far side 

4. Meanwhile, the lay is accelerated forward and 
the reed pushes the wett varn into the tabri 

5. As it nears its frontmost position the lay must 
be decelerated and its direction is reversed once 
again 

-6. \ ratchet on the end of the take-up roll is 
notched forward by a pawl driven from the lay 
motion 

Phe evele ts then rey ated as the harnesses change 
position and the next pick is made 

In order to obtain uniformity in the finished 
product, the warp varns must be held under tension 
at all times \ friction brake or other hold-back 
mechanism is applied to the warp beam to accom- 
plish this 


Often, in order to obtain particular patterns in 


the fabric, such special motions as the leno or jac 

quard*® attachments are added to the loom. Also, 
on some looms there is a reciprocating pump (Fig- 
ure 3) the function of which is io supply a vacuum 
to an automatic bobbin-changing mechanism For 
purposes of this paper the effect on load of such 
auxiliary equipment is not considered because it ts 


not universally encountered 


Protection 


If a warp or filling varn should break, the loom 


must be stopped in order to prevent weaving any 
appreciable length of faulty fabric. Special electric 
and mechanical detection devices are provided on 
the loom to signal the occurrence of such a break 
and cause the clutch to become disengaged 
Occasionally, for anv one of several reasons, 
shuttle speed on a pick may be slower than normal 
or the shuttle may even tail to complete its flight 
If the shuttle has not boxed by the time the lay 
swings forward to drive the weft varn home, there 
is danger that it will be swept forward by the reed 
and pushed into the fell of the cloth. Many warp 
yarns would be broken and irreparable damage 
would be done to the tabric when the “smash” 
occurred, necessitating a relatively long shut-down 
tor redrawing the broken warp yarns In order to 
prevent such an occurrence, means are provided 
for checking on the position of the shuttle to insure 
that its flight is true and on schedule early in the 
lav's forward swing lf the shuttle is not on its 
true course at this time, the ‘“‘bang-otf” protective 
mechanism operates to simultaneously declutch the 
motor and position a restraining rod, thus halting 
the forward travel of the lay In order for such a 
brute-force method of stopping the loom to succeed 
without causing failure of mechanical elements, the 
clutch must be disengaged sharply This occurs at 
that point in the cycle at which the energy stored 


in the loom parts is at a maximum 


The Loom Drive 


The standard tly-shuttle loom drive consists of a 
full-voltage starting switch and a single induction 
motor (Figure 4) the rating range of which is from 
} to 2 h.p. and which is of either 4- or 6-pole 
design In order to protect against the possibility 
that the motors may become plugged with lint from 


the weave shed atmosphere, thes are of totalls 


* Leno and jacquard tions are mechat employed to 
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enclosed construction Phe sleeve-ty pe, wool-yarn 


packed bearing, which has proven successful over 


the years in loom-motor applications, is standard 


today The breakdown torque of the loom motor 


is approximately twice that of the general-purpose 


motor Phe axial length of the motor is kept at a 


minimum so that it does not influence maximum 


over-all floor area 


Phe motor is coupled to the machine through a 


spur gear reduction and a clutch. Starting and 


stopping the loom is accomplished by operation of 


the clutch mechanism, the motor being permitted 


to run continuousls 


Loom Load 


Phe load Imposed on the motor by the various 


parts of the loom can best Ine studied by consi le ring 


the energy required to drive each element indi 


vidualls Since some of the parts have widely 


varving velocities, it is better to consider them on a 
torque basis and to refer the torques to the motor 
shatt The 
total load are 1 


2 to drive the lay, 


more mt components of the 


torque to overcome triction, 


torque torque to drive the 


shuttle, torque to actuate the harne 


torque to drive the air pump (if included), (6) torque 


to actuate a leno motion or jacquard head (it 
inv), and (7 torque to actuate many small ce 
vices, such as cloth beam, dobby (harness motion 


control), ete 
le 
dead 


at back dead-centetr 


pick Is onsidered 
with O° of the crank shatt 


ind with TSO 


For analysis 


is 
taken at front 
center of the hay 


The triction of the loom consists ot the actual 


friction of all bearings, cams, and sliding contacts 


and also the constant portion of the unrecoverable 


part of the energs that goes into driving each part 


Friction is assumed to be 


constant for purposes of 


inalvsis, but in practice itt varies widely ina rela 


n lubrication of the 


bigure 5 ] 


tively short time with chanzes | 
various bearings 


torque loom speed, derived trom 21 tests on a 


and make \lthough this machine 


h id 
load 


loom ot one size 


was well run ino and expert attention while 


being tested, friction vanied considerably at 


each speed Test 10 shows abnormally high tric 
tion preceding a bear he semure and at the time 
of the test no distress was noted Phe high frietion 


did not show up until the test results were analyzed 


Figure 6 shows in graphic torm the torque re 


quired to drive « ich of the various loom parts 
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lern loom motor mounted on loom 


Che torque is plotted against lay position, the latter 
also roughly representing time 


brie tion is considered 


ideally constant and is 
represented by a horizontal line, A. 


The lay Is a 


center, 


heavy mass oscillating about its 
and requires considerable torque to accel 
erate and decelerate it There are two ace elerations 
and decelerations per pick and so the frequency of 
the torque is twice that of the pickage (curve B, 
Figure 6 During the deceleration, the energy can 
be recovered and returned to the svstem either as 
electri stored in the 


The 


torque is thus a curve with equal areas above and 


energy or as kinetin 


energs 


etlective inertia of the 


moment ol loom 


line and is a sinusoid as a 


Phe 


these rods introduce some har- 


below the zero first 


approximation short, connecting rods and 
the angularity of 
monies, Which are not important as far as the motor 
rned, although the Vomay be ot considerable 
interest to the loom designer 

The shuttle is struck by the picker stick, which 
acam with a vers 


high 


it therefore demands a sharp peak of torque 


im turn is struck by steep rise 


stick its acceleration 


This gives the 
| 


and 


picker 


from the drive svstem Phe shape of the cam, 


adjustment of linkages, firmness of springs in the 


shuttle box, and probabh several lesser factors 


affect the configuration and amplitude of the torque 
curve Phe curve of Figure 6 labeled C is believed 
to be a tan representation of the actual values, but 
it can be approximated tor purposes of calculation 
by a single loop of an eighth harmonic sine wave, 


as shown by the dotted lines 


: 

| 
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The torque required to actuate the harnesses 


curve D, Figure 6) is in most cases not great and 


its average value is included in the triction com- 
Unless the loom is fitted large 


ponent with a 


number of harness frames and is weaving a compli 
cated pattern that requires the lifting of nearly all 
of them at once, the variations in torque can be 
neglec ted. The load represents d by the cloth beam 


drive, dobby motions, and other lesser elements 


may similarly be regarded as constant and as a 
part of the friction factor 

Ihe torque necessary to drive the loom is the 
summation ot these components and is re presented 
by curve / of Figure 6 

This torque is supplied from two sources: (1) the 
inertia or flywheel effect of the 


Phe 


inertia of the 


motor, and (2) the 
revolving and oscillating parts of the system 
latter consists of the moment of 
motor, of the revoly ing parts ol the loom, and of the 
lav. The load at every instant is divided between 
the motor electrical torque and energy trom the 
rotating parts in varying proportions, depending 
on the motor speed-torque characteristics and the 
amount of system inertia. For example, if the 
loom were driven by an infinitely large synchronous 
motor, all the torque would be supplied electrically 


from the power line. The opposite extrerne may 
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be represented by a loom equipped with a large 
fivwheel and coasting, with the motor disconnected 
the line. In 


supply all of the t 


the fivwheel would 


| he 


between 


trom this case 


actual case, ot 


course, is a compromise these two cases 


ind the load is divided between the two sources in 


varving degree, as is tilustrated in Figure 7 


Figure & is a tracing of an oscillogram of the 


current and watt input to a motor driving a loom 


he similarity between the shape of the measured 


motor-input curve and that of the calculated total 
load curve of Figure 7 is apparent 
Calculations 
The above analvsis suggests that the motor out 


calculation provided 
Phe 


mas be so treated provided the motor operates on 


put can be approximated by 


the components can be treated additively 


that portion of the motor speed-torque curve which 


is essentially straight, and this is the case over the 


usual operating range \ relatively simple loom 
is considered for the purpose of illustration; addi 
tional components for pump, heavy harness, leno 
etc., can be added if desired 

\s indicated above, friction torque is considered 
constant and is represented by curve A of Figure 6 
sine 


¢ The torque to drive the lay is treated as a 


wave with a frequency of twice the number of picks 


and is represented by B sin where B is 
the peak accelerating torque and P equals the 
number of picks per minut 
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C~ OELIVERED FLYWHEEL 


TORQUE 


An analy 


n which ener 1 
drawn from motor to drive a loom 


over tts cvele 


The variations tn the harness torque are 
lected, but the 
included in the friction torque, A 


average of the torque wave is 

The torque to produce the pu k ts assumed to be 
a single positive loop of an eighth harmonic starting 
at the peak of the torque wave of the lay The 
energy under this wave is made equal to the kinetic 
energy of the shuttle as it leaves the box, and the 
maximum value is represented by B’ 

Motor 


useful operating range by C 


torque can be approximated over the 
, where s is the slip ot 
the motor at any instant and Cis the ratio of rated 
torque to rated ship 

Phe torque delivered by the tlywheel is / ds df, 
where / is a function of WR? (inertia? and ds dt is 
the acceleration of the flywheel 


These components of torque are equated and the 


differential equation is reduced to the following 
B 
\! ' ( ‘ 75 10°R 
ia \ 
1P- We S 
1°+ 058) + + 0.044 D + 
\ \ 
(1 =) 
the maximum torque imposed the 


motor which is used tn conjunction with the break 


down torque to determine the ability of the motor 


to carry the load under adverse conditions 1 
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Osctillogram taken in loom test 


the root-mean-square of the motor output, is used 
to determine motor heating. N,,.,, the minimum 
speed of the motor at the instant of heaviest load, 
is used.in estimating loom operation. 

Other 


detined as follows: A 


terms used in the above equations are 
peak 


peak torque to ace el- 


friction torque, B 
torque to accelerate lay, B’ 
erate shuttle, P = number of picks per minute, 
Wk? Wk? referred to motor, V 


motor synchronous speed, R 


total system 
motor h.p. rating, 
a motor rated slip at full load, C = ratio of 


motor rated torque to rated slip, dD 


and F 


peak motor 
torque to drive lay, peak motor torque 
to drive shuttle 

See \ppendix | tor complete derivation of the 
above equations 

\ll of the parameters, with the exception of tric- 
hon obtained by and 


torques, can be weighing 


measuring; they may be well known to loom de- 


signers Phe friction must be estimated or deter- 
mined by test These equations lend themselves 
to fairly rapid columnar calculation, and, although 
only approximate, they are sufficiently accurate for 
motor application, as proved by comparison with 
oscillographic tests. By their use it is not difficult 
to compare the operation of motors with various 
combinations of characteristics and to select the 


one with well-balanced performance. 


Testing 


Loonis are tested to check their motor operation 
and weaving ability, as previously outlined. In 
addition, tests can be used by the mill operator to 
determine whether the loom fixer’s adjustments 
hold triction and peak torques within limits antict- 


pated by the loom designer 
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(P. F. = power factor 


From the oscillogram (Figure 8) it is apparent 


that watts input to the motor and the current input 


vary widely during different parts of the cycle. 
Ordinary meters connected to the circuit show wide 
needie swings and unless properly read give mean- 
ingless results. However, reliable results can be 
obtained if proper precautions and techniques are 
employed. 

Practical quantitative values descriptive of loom 
and motor operation are deduced from motor watt- 
input measurement with due recognition of the two 
principles: (1) that at any instant the input to the 
motor is the sum of motor output and motor losses; 
and (2) that over a period of time the average 
input to the motor is the sum of the average output 
plus the losses of the motor at the rms load. 

Input can be measured in various ways, but the 
one that probably gives the greatest accuracy and 
the most complete information is an os illographic 
recording of watts input to the motor. The oscillo- 
graph should be one that shows watts as an inte- 
grated curve and not as an envelope of an A.( 
wave. The average of the watt curve (Figure &) 
is the average watt input to the motor and can be 
obtained by measuring ordinates or by means of a 
planimeter 

The rms of the watt trace can be calculated by 
measuring the ordinates, squaring them, averaging 
the squared values, and extracting the square root 


a tedious process The rms value can also be de- 


FT ~ 
3 war's Loss 


~ 


waTTS 


l loom motor curves of torque, speed, an 


watts input, ba lata in Figure 9 


termined by the use of an Amsler Mechanical 


Integrator, a device that reads squared areas in the 


same manner that an ordinary planimeter reads 


areas, and the rms value can be calc ilated as easily 
as the average 

The next step is to determine the watts loss of 
the motor Ihis can be done by referring to a test 


of the motor taken under steady load conditions 


(Figure 9) and determining the loss at the same 


watts input \ curve such as that in Figure 10 is 
more convenient to work from This is computed 
from efficiency data of Figure 9 and is a plot of 
watts loss. In a similar 


watts input vs manner, 


torque vs. watts input and specd vs. watts input 
Figure 10) The 


output of the motor is then the difference between 


may also be plotted average 

average watts input and the watts loss and can be 

converted to horsepower by dividing by 746 or to 
7.04 


av. F.p.m 


torque by multiplying by This is the 


friction torque of the loom 

Since the friction torque varies greatly, as illus 
trated in Figure 5, a comparison of motors on the 
basis of tested losses is fruitless unless the motor 
operation is referred to a common friction load 
This is done by determining the difference, a, be- 
tween the friction determined in a particular test 
Let rms, be the 
the tested 


and the accepted nominal value 


tested rms output of the motor and F, 
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average output The corrected rms 


output, rm 


rm vrms, + lak, + a 


From the corrected rms output the corrected losses 
are determined from the curve (Figure 10) plotted 
from data obtained under steady load conditions 

Peak values of torque and maximum and mini 
mum values of speed can be determined, at least 
approximately, from Figure 10 

Loom motors can be tested without the use of an 
oscillograph with only a slight loss of accuracy and 
detail The average watt Input can be read on a 
poly phase wattmeter by reading the maximum and 
minimum positions of the needle as it) swings 
through al rather wide range and then iVerayiny 
the two readings \ better method is to use a 
watt-hour meter, counting the revolutions of the 
dise for a minute or so and determining the average 
watts over this period of time 

The rms current can be measured by an ordinary 
electrodynamic or soft-iron ammeter by noting the 
maximum and minimum positions of the needle and 
taking the reading half way between the extremes 
This is the rms value, since the scale of such an 
instrument is divided in rats units. Calculations 
based on such test results are the same as those 
outlined above except that the rts load is deter 
mined from a current curve rather than from a watt 
curve \ hot wire ammeter can also be used to 
advantage because the needle swings are not as 
great as with the conventional type of indicating 
instrument However, hot wire instruments have 
practically no overload capacity and are thus very 
prone to require frequent recalibration 

\ flaw approximation of peak torque can be ob 
tamed by measuring the peak value of wotts input 
with a pomter-stop polyphase wattmeter With 
this type of instrument the needle is held up by an 
adjustable stop so that it moves trom the stop only 
during the maximum part of the evel By using 
such a meter, the effect of the inertia of the meter 
itsell is eliminated and a true peak value is ob 
served, If a pointer-stop meter is not available, 
an ordinary instrument can be used by removing 
the cover glass and holding the needle in an elevated 
position with some small tool such as the blade of 
a penknite This value of peak watts is used in 
the same manner as is that read trom an oscillo 
gram 


\ sample calculation of each type of measure- 


ment is given Appendix 
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Effect of Wk 


\s explained above and illustrated in Figure 7, 
the torque required to drive the loom is supplied 
in part from the power line and in part from the 
rotating parts of the system. The division of load 
varies, depending upon the amount of flywheel 
effect in the mechanical svstem and the slope ot 
the motor speed-torque curve Since the speed ot 
the flywheel must drop to give up energy, it may 
be deduced that a motor with a sloping speed-torque 
curve is indicated. However, since the efficiency 
of a motor decreases with decreasing speed, motor 
input (the sum of output and losses) tends to 
increase Phus, the gain expected from decreasing 
the load on the motor by letting the inertia do 
more work is offset to some degree by additional 
motor losses 

For this reason, a low-slip, highly efficient motor 
with high-breakdown torque can be just as efficient 
and give just as stable operation as one with greater 
Wk? but with lower efficiency, greater slip, and 
with lower-breakdown torque The operation ot 
the loom is apparently exactly the same in both 

Increasing Wk? alwavs reduces the amount 
ot load on a motor of a given electrical design and 
reduces the motor losses as well as its speed varia- 
tions when driving a pulsating load The curve 
shown in Figure 11 illustrates how the losses of a 
yiven design of motor were reduced by the inc reasing 


ot WR 


tion is appreciable but that the gains diminish after 


It is apparent that the amount of reduc- 


it reasonable amount of tlywheel has been added. 
\ motor with a built-in flvwheel is shown in 
Figure 12 

Phe reduction in losses is so great that it is often 
entirely feasible to reduce the motor size one whole 
step, and still satisfy the requirements of good 


motor application and loom operation 
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\nother consideration favoring inclusion of ap- 


prec iable rotating inertia on the motor shaft is that 
1,200-r.p.m. motors may be substituted for 1,800- 
r.p.m. motors without an increase in speed varia 
tion Phis is not possible with conventional motors 
because the effective motor rotor Wk? which varies 
with the square of the motor speed is appreciably 


less when lower-speed motors are used 


Motor Selection 


In order to be sure that the motor will drive the 
loom without distress, two criteria are used: (1) the 
peak torque under maximum load on the motor 
should not exceed 28 ol the breakdown torque ol 
the motor; and 2) the motor losses should not 
exceed the steady-state load losses which give a 
reasonable temperature rise 

$v limiting peak torque to about 24 of break 
down torque, sufficient margin is provided to insure 
satistactory Operation under such adverse cond 
tions as 10°, undervoltage and temporary load 
increase of about 20°), as might be experienced 
during the loom break-in period This safety factor 
assures that the speed will not drop so much that 
the picking will become erratic 

Loom motors are rated 40°C rise on the windings 
at rated horsepower, this temperature being meas 
ured by a thermometer during operation at rated 
load and under steady-state conditions. However, 
traditionally, motors have been applied on the pul- 
sating loom load to operate at about 55°C rise on 
the windings Overload protectors have always 
been selected in the range of 14067-16067 of rated 


full-load current \lthough the method of rating 


and applying motors to looms differs from that for 


standard motors, the application specification that 
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winding rise should not exceed 55°C is the same as 
that for a conventional totally enclosed motor 
This is the maximum temperature rise considered 
for long trouble-free insulation life \s in any 
motor of this size, the outside te mperature is con- 
siderably less than that of the winding and is 
generally in the 40°C rise range Furthermore, 
this has become the practical limit in the minds of 
many, on the basis that a higher temperature affects 
the humidification around the loom Theretore, a 
practical rule of application that insures meeting 
both requirements ts 

Select a motor so that the temperature rise ex 
ceeds neither 40°C on the frame nor 55°C on the 
windings Both temperatures are to be taken with 
mercury thermometers or by using an equivalent 
method 

The temperature rise of a motor on the loom 
evcle can be determined by comparing the rms 
losses, determined as outlined above, with the losses 
for a given temperature rise under steady-state 


conditions This eliminates the necessity of con 


ducting a heat run on the loom cycle 


Conclusions 


1. The loom load is of a pulsating character, 
and the motor applied must have characteristics 
different from those of general-purpose machines 
Energy required at every instant must be supplied 
in part by electrical air-gap torque and in part from 
energy stored in Wk (inertia 

2. Loom motors which give equivalent perform 
ance may be made with a wide range of designs, 
provided the characteristics are properly balanced 

3. The addition of a sizable flywheel reduces 
motor load, makes it possible to reduce the rating 
of the motor in some cases, and makes the opera- 
tion of 1,200-r.p.m. and 1,800-r.pom, motors equiva 
lent 

4 Knowing only the basic constants of a loom 
and motor, pertormance of the combination may 
be calculated 

5. Motor tests on looms give results capable of 
reliable interpretation, Suitable instruments are 
a) an electrodynamic or soft-iron type of ammeter 
to read rms amps., (b) a watt-hour meter or a poly 
phase wattmeter for reading average watts, (¢) an 


illo 


graph mav be used instead of these three instru 


\.C, voltmeter to indicate line voltage 


ments lor more precise results 


12. Flywheel loom motor with cover removed 
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6. Friction load varies from loom to loom and 
from time to time on a given loom 
that a 


This demands 


representative value of friction be estab- 
lished and that all tests be corrected to a common 


base In comparative testing, individual readings 


must be corrected to a nominal value before drawing 
conclusions 


Appendix I 


This method of calculation of the total motor 


output is based on the assumption that the load 


consists of a constant part (broadly, friction), a 


sinusoid for accelerating the lay, and a single posi- 
tive loop of an eighth harmonic for the pick The 
torque is supplied electrically from the motor and 


also from the flywheel. It is further assumed that 


the motor speed-torque curve is a straight line over 


a the operating range 

4 Phe following must be known in order to make 
the calculation 


For the loom 


: 


A friction torque 
i] weight of the shuttle 
L = distance the lay moves 
P = number of picks per minute 
shuttle velocity as it leaves the box 
W weight of lay 
Wk)? Wk? of the revorving parts of the loom 
referred to the motor) 
For the motor 
N synchronous speed of the motor 
R horsepower rating of the motor 
Sy full-load slip of the motor 
Wha Wk? of the motor revolving parts 
C = motor torque constant (see 


equation 


13 


The following svmbols are also used 


B = max. torque to drive lay 

B’ = max. torque to pick shuttle 

D = peak motor torque to drive lay 

I energy oft shuttle 

F = peak motor torque to drive shuttle 
V instantaneous motor speed 


N minimum motor speed 
S instantaneous motor slip 
S motor slip tor trietion 
motor slip tor lay 


motor slip for pick 
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Fic. 13. Diagram of mechanics of lay drive 
1 motor full-load torque 
torque to drive lay 
rn maximum torque motor delivers 


Teme = rms torque motor delivers 
T, = torque to drive shuttle 
Wk? = total Wk* referred to motor Wk? 
+ Wry’? 
/ = instantaneous movement of lay 
t = time 
a *= angle at which pick occurs 


@ = crank angle 
2rP 


w angular velocity (radians sec.) 
60 


Torque to Drive the Lay 


The lay is assumed to move in a straight line and 


to have an infinitely See 
Figure 13 
The displacement of the lay from the center at 


any instant is 


long connecting rod 


l sin sin (1 60 
sin 1 S)wt. (1) 
\cceleration of lay 
a 5 (1 — sin (1 S)wt. 2 
air 


Torque to drive the lay | accelera- 


mass A 


tion X radius cos @ 


WL?w?(1 —.S)? 


sin (1 — Siwt-cos (1 3) 
Since (1 S) and (1 S)? = 1, then 
B sin wt 4) 


= sin lwt 
23500-N, 
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Torque to Drive the Shuttl 


The torque to drive the shuttle is assumed to be 
a single positive loop of an eighth harmonic. 


Let E = 


energy of shuttle leaving the box 


x distance 


torce 


1 
( 


average 


The distance 


See Figur e 14 


Therefore, the average force 


Torque = force & radius 


Max. torque 4 (referred to 
crankshaft 


peak 
where of sine wave 


average 
\ B’ (referred to motor 


shaft), (10 


and 


T, = B’ sin 


11 


that is, one positive loop of a sine wave extending 


5 
trom ¢ to 7s, 


because it is assumed that the 
pick occurs when the torque required to drive the 


lay is at a Maximum 


- 12) 

Diagram illustrating portion of crank cycle 
levoted to picking 


Geverea 
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Votor Electrical Torque 


The electrical torque of the motor 
where 


5250R 
Voment of Inertia 
Porque delivered by the moment of inertia of 
svstem 
Wk d. 
306 dt 


where 


Maximum Torques 


Equating the expression for total load torque 
with that for total driving torque 

A + Bsin 2wt + B’ sin &wt (16) 

Since the equation indicates linear relationship, 

it can be broken down to 

17) 

B sin lwt 18) 

B’ sin Sut 19) 

S S, + S; + S 


(20 


The similarity of equations (18 19 


is apparent 


and to the 


usual equation of harmonic current 


Phe symbols used in equations (21 


the usual electrical ones 


wt 


Phe 


currents 1s 


solution given any text on alternating 


By comparison, the following can be written from 
equations (17 22 


through 


sin ( 


SIN ( Ruf 


ae y 
63 
cS. 12) 
lie if 
HV 
2¢ 
I q || 
2 sin « 
16 WkN,dS dS 
sin a / 15 
16 306 
X > sina 8 
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B _ CORRECTED OUTPUT 


A + PWEN TESTED OUTPUT 
1 
y \\ 
24) | f 
+ 


A+D+F 


rm lorque 


Xo 
Phe equation of rms torque is 
Pia. 15 Correction for nominal fricttor 
w 
| A + D sin 
J. Appendix II 
A + 2wt)*dt Sample Calculation of Test Results 
Test Data 
(A + 25 1) Motor rating = 14 h.p 
' 2) Picks min 202 
reduces to 3) Average watts (oscillogram 1,600 
A? + + 0.048 O04AD 
+ $) Average watts (indicating meter 1,620 
; DI ais 5) rms watts (oscillogram 2,100 
a Vinimum Speed 6) rms amps. (indicating meter 6.5 
q IN. Spec mor Cc Calculation of Oscillogram Test Results 
3 7) Watts loss (Figure 10 305 
Correction of Motor rms Output te Nominal Friction . 
; 8) Average output 1,600-305 = 1,295. 
See Fieure 15 595 
1,295 5,250 
‘rage 
Let - friction as tested, F nominal \verage torque 746 1,750 eas 
Iriction, rm root-mean-square of Dutput 10) rms torque Figure 10 7.5 
as tested, rm root-mean-square of output 11, Assumed average torque at 202 picks (Figure 
5.0 
as corrected, and a 28 9.00 
By definition. 12) Average torque correction (a : » 5.2 
0.25 
y 
rms eee 29 13) Corrected rms torque rms 
and v7.5? — 2(0.25)(5.25) + (0.25 
14) Corrected losses (Figure 10 295 
adn 0) 
= Calculation of Indicating-Instrument Test 
Then, 
ie. 15) hip. at 6.5 amps. (Figure 9 
rms 16) Efficiency at 2.5 hop. (Figure 9 0.86 
17) rms loss 2.5 > 746| ) 305 watts 
+ Ja | dx + a° 31 0.86 
18) Average output 1.620 305 1,315 watts 
+ + 32 
Phen proceed through steps 9) to (14) inclusive 
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Continuity in Textile Research’ 


J. H. Dillon? 


January, 1950 

| i CARDINAL IMPORTANCE of continuity 
in any research program is now becoming recognized 


in many mdustrial fields In the textile imadustry, 


however, this principle appears not to have received 
the attention which it deserves 


standing upon the threshold of what should be a real 


With that industry 
research era, it appears particularly mmportant at this 


tume for protagonists of research to stress the neces 


sity of continuity of support of sound research 


grams in order for the industry to realize tully the 
long ranype practical benetits should, further 
more, studiously avoid over-optimustic predictions, 


particularly guarantees of immediate practical re 


sults Rather, they should place before textile 
as deduced fron 


\long this 


to consider some 


tives the unvarnished facts, 
in other imadustries 


} 


ence with research 
line of thought, it seems ac 
re search 


considered as the 


of the basic requirements of a successful 


program, all of which may be 


elements of the broad principle of continuity 


Before any company embarks upon sciertiti 


st) 


research program either individually within its own 


laboratories or cooperatively through an industry 


supported organization, management should decide, 


first of all, what sort of research program it wishes 


to undertake or support. In the broader sense, indus 
trial scientific research programs may be classified as 


(1) 


production trouble shooting ; (3 


tollows research for publicity purposes; (2) 


quality and process 


control : (4) short range development with specihc 


generally anned 


and process improvement; (5) longer-range apphed 


and limited objectives, at product 


research on new materials, processes, and products ; 


(6) long-range fundamental research directly or m 


directly related to the field of the company’s interest ; 


(7) support of academic research within university 


laboratories with the aim of increasing the general 
tund of research knowledge and accelerating the 


training of scientists for industry 


It may seem unprofessional to include the first 


item 


research for publicity purposes. Yet, many an 


Annual 


rk, December 


Meeting of 


1949 


and demonstrated what could be 


" 
I atory started essentially 


on this basis, 


id later went into true product ve research when 


some young scientist retused to be a museum piece 


accomplished with 


: combination of traming, brains, enthusiasm, and a 
little uipment Furthermore, there is no reason 
why the research accomplishments of an mdustrial 


used in its advertising and 


laboratory should not be 


les Campaigns, proy ding this i done without ex 
iyeration or distortion and without loss of the pro 
tessu il dignity of the research staff Delberate 
cle velopment ola research laboratory for put fy 
vone, of cous e, is decidedly unwholesome and would 


tlowever, a 
research advisor would be unrealistic were he to 


neglect the publicity value of research in etting up 


an industrial laboratory 


The history of the growth of research etfort im 


at 


items (2) to (7 Often the mitial “trouble shoot 

vas done by non-technical personnel until suc 

cesstul use of the more scentihe methods of quality 
nd proce s control madicated the need tor techmecall 

rained people tor tre hoot work bre 

ently, the technical trouble shooters gradually be 
Cann levelop ent met tl tinting pha e (4 


It was quite natural, of course, to find many val] 
compante bogye ldo 11 this pl ise (4) hecause of 
the great cost of pr re ny to the longer rare work 
t pl use longer upyplie researc! Iti 
itthe surprising, however, to find many large firm 
still in this category, particularly within the textile 


eveti more so to ob 


iarge Oolganizations whi 


other embarked upon ambitious programs involving 
Ihases (5 on Tes irch ind 
(¢ long-range earch—but have 
. ipped ill the way buck into phases (2) and (3 

trouble shooting and control. While it is customary 


to lay the blame tor these recessions mn research prog 


ress iust be recognized that the 


upon management, itt 


scientist and his supporters have often been at fault, 


particularly in their failure to present to mdustrial 


executives the bare facts concerning the cost and 


ae 
die 
| 
6s 
Ca 
he 
4 ‘| 
‘the 
experi 
mest of our industries has followed the 
fo 
} 
short de velopme | 
g 
serve the number of 
bk 
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time required to realize full production from a re 
search program. In any event, every major recession 
in research progress within an industrial laboratory 
or an industry-group-sponsored organization consti 
tutes a waste of money, time, and scientific man 
power. Furthermore, each setback discourages other 
firms trom attempting to advance their research pro 
grams; that is, the continuity of research progress 1s 
broken to the serious detriment of individual firms 
and the industry at large Conversely, those firms 
who have proceeded upon good advice, technical or 


otherwise, to build their research organizations and 


programs gradually, following mm a general way the 


natural sequence of phases (2) to (7), now. find 
themselves in an excellent position to reap the harvest 
of research benefits almost invariably resulting trom 
observing thus the principle of continuity 

But, forgetting the past, let us sav that the research 
advisor and the mill executive have taken properly 
the first step in developing the research attack by 
deciding what type of program or combination of 
programs is desirable initially and how the program 
should develop in the future The next important 
step is the acquisition of a few key research scientists 
upon whose shoulders must rest the vital and difficult 
task of building a research staff. The term “build 
ing’ is used advisedly ; a research group must be /ut/t 
gradually and carefully-—not precipitously bought on 
the open market. While this staff-building campaign 
is taking place, the research program must be devel 
oped concomitantly, and, strangely enough, long be 
fore staff and laboratories are considered complete, 
good and sometimes useful results wall be observed 
emerging in rapidly increasing volume, It wall be 
necessary now and then, of course, to release a man 
who does not fit into the program and sometimes 
change the program where it ts found wanting 
Phen, too, some sort of laboratory must be pro 
vided, with a reasonable amount of equipment. But 
the good research man with mediocre equipment. ts 
much te be preferred to the medioere man with the 
most expensive and shimest chrome-plated instru 
ments, if a chotce must be made Obviously, the 
essence of this successtul approach to research is 
continuity. When this continutty is broken by severe 
reductions m= staff or unreasonable curtailment. of 
supphes and equipment, it must be recognized that 
any tuture rebuilding may take as long, or longer, 
than the orginal task of building, and it wall un 


doubtedly be more costh ‘his is not an idealist 
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or theoretical statement; it is based upon the exper 
ence of all of our presently successful industrial re- 
search organizations. Obviously, this principle ap- 
plies equally well to industry-group-supported or 
ganizations 

If the research man ts the basic element in research, 
it goes without saying that a wholesome research 
personnel policy must be set up. The scientist 1s by 
training a professional and by nature an mdividualist 
Often his viewpoint differs somewhat from that of the 
production or financial expert. However, if the mill 
manager recognizes this difference and does not insist 
on making over the scientist, he will find him, on the 
average, an inherently reasonable person who will 
work hard and loyally on the team. It should not 
be surprising to find that a scientist has the capacity 
for enjoying a reasonable standard of living and, 
therefore, expects to be properly remunerated and 
treated as a human being. There ts nothing holy 
about research or a research scientist; removal of 
the mystery with which he is so often clothed can go 
a long way toward his integration into the over-all 
organization of the company 

The matter of research appropriations deserves 
some comment also, in the light of the principle of 
continuity, In general, experience indicates that ap- 
propriations should grow with the size and scope of 
the research group. Seldom is there to be found a 
research man who will admit to possession of an 
appropriation which is too large; yet there have beer: 
numerous instances where this has been the case 
Part of the answer to this problem seems to le im 
the development of a “planning group” which in 
cludes both non-technical management and the vari 
ous key research leaders. Such a group can usually 
balance the research needs of the company against 
the tunds necessary for their fulfillment. One of the 
first lessons which a “planning group” must learn ts 
that doubling a research expenditure seldom pro 
duces usetul results at double the rate, particularly 
during the growth period of a research organization 

It is not the purpose of this brief discussion t 
propose an ideal plan for a research and development 
organization. Many excellent organization plans are 
in operation and have been described, but each plan ts 
a function of the characteristics of the particular com 
pany or mill involved Yet, the principle of con 
tinuity maintains its importance throughout the long 
process of integration of research, development, pro- 


duction, and sales. There is an increasing tendency 
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tributions im 

the nature of the scientist's we 
hoth imaginative 

understood that the 

unining and re-evaluating | 


sions drawn from 


Presentation of Certificates to Founding Fellows 
of T. R. L., December 1, 1949 | 


eon progran 


ectings to th 


eating and informal conversation 


o break that precedent but. 


Wortant 
Fellows] 


sto rece! 


} 


learned from 


hes 
to bring experienced technical executives mt tive few elementary iWs, uped under tine yeneral prin 
ea higher echelons of management, and it appears that ciple of continuity, which should be observed in de ‘. ee 
| the textile industry is beginning to realize that a veloping a successful industrial research attack, The Tefen 
al sclentist is not always a poor executive tact, very simplicity these lav ult st seems to pre 
nmake significant con clude the necessity of their enunciation wever, 
al cv-making \ithoug! the tact that iny violations ot them have occurred mal 
rk demands that he | the nnct fren with dieastrone result 
kK demands that the past, ¢ en wit disastrous results, stgwests 
e, tis not at a Wwe that their discussion ts vortl v hile The textile 
Bo must constantly be ex industry stands to proht just as greatly trom funda sf ath 
sgl results and the conclu mental and applied research as have other madustries A | 
iis 
aye EE then. His role in management, if it is willing to learn from example and observe the eae 
if 
pie therefore, is often that of constructive conservatism. — basic tenets of the principle of continuity, both im the haat 
Ay In summary, an attempt has been made to state a 9 growth and prosecution of its research attacl vag 
4 i 
q 
ligt 
f 
if 
vy 
Tt is fitting that RESEARCH JOURNAL should he cogs mit ot the 
estowed on illiam 1). pf Bonnet. and Kdward ] Schwa 
he 
ceremony, December 1, 1949, held in connection with lnnual \eetin ‘ 
Icesearch fustiute, in riihcates were awarded na ny these genticmen 
rector of Resear / and The l-oundattor ter each citatior | 
a 
Ladies and Gentlemes ership vrade of bello fT vas established 
] | to recognize extraordimary achievement in te At 
It has alwavs been our policy to contine the tunel Ae 
Founding ws Of these thre listinguished (and 
t am cer handsome ventlemen whi t at this table with M1 
tain, in a manner which vou will enjoy and for 
\sheroft, our president. It so happens that our three 
: cry pose the presentat cer ling have 1 cle their respective major 
cates of up of TRI. to the first three textile 
scientist this honor, As vou have alread their wor yovernment, imeadustrial do universit 
: 
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3 has been a teacher as well a i research scientist and ind le idership in the work of several committees of 
a technologist \ll of them are known for their tine — this Association, m which he was active The Asso- 
its human qualities and have the affection and respect of — ciation recognized the importance of his work at the 
“ ther many friends and octates National Bureau of Standards and established a re 
We have but a few minutes to devote to this sinple search associateship at the Bureau under his direc 

wt of presentation but, fortunately, each of our tion 
Founding Fellows ts so well known and recognized Mr. Appel was promoted to his present position 
for his accomplishments that any long recital ot thet of Textile Technologist and Chief of the Textiles Sec 
would be redundant. Thus, while my honor in being tion of the Bureau in January, 1929. He attended 
chosen to participate mm ths presentation is pertores the first meeting of the Textile Research Institute 


brief, it is nevertheless a great and pleasant priv (in Boston in Mav, 1929), then known as the Textile 


Incidentally, this presentation ts unique im that, whale Research Couneil, and presented a paper entitled 
we realize that each of our Founding Fellows ts a . (uantitative Relation Between the Spectral Ketlec 
cy polished and effective speaker and all of us vould tion of Texule Dvemgs and the Amount of Dve 
i if hke to have a long speech from eacl e are not re Used.” Under Ins leadership the work of the Tex 
. quiring a response of acceptance from any of them tiles Section expanded rapidly and many modern 
| confess that [, like our good Committee, find myself techniques and new knowledge in the fields of engi 
Je entirely incapable of distinguishing among the accom neering, chemistry, physics, mathematics, statistics, 
plishments ot these three gentlemen hence, | shall photochemustry, spectroscopy, MUCTOSCOpY, and elec 
5g discuss their individual records and achievements in tromes were apphed vigorously to fundamental, ap 
= the alphabetical order of their surname phed, and consumer research problems on textiles. 
a Since 1929, he has published some thirty papers and 
: William D. Appel reports, and, in addition, over O00 technical papers 
i ind reports have been published by the members of 
\ tani r lf Im fact, he ' \ hus stati He received the War Department Certifi 
tudent at the University of Chicago, where he ma- cate of Appreciation for Patriotic Services during 
jored in zoology but also studied pl ‘ mathe World War Il and also the American Standards 
matics, and chennstry, tak raduate courses in the \ssociation Certificate of Appreciation for services 
latter. He began his protessional career betore e1 m war standards (World War II) 
tering the University with the U.S. Biological Sur Mr. Appel has a remarkable record of activity in 
vey in 1912 as an Assistant in b-cononne Ornithology the affairs of the many professional societies of which 
Hes tl ith rit on bar ute logy he isa member For example, he served tor } years 
e of | a outdoor hobbies. For the period is chairman of the Dye Division of the American 
he wits a stant tthe U1 Chemical Society lie was president of the Ameri 
ersity of Chicago while pursuing his studies bie can Assocation of Textile Chemists and Colorists im 
next served as che st charge the analytical 1944, 1945, and 1946, has been chairman of the 
tboratory of the Federal Dyestutt a Chemical Sub-Committee on Textile Test Methods of Com 
Company of Kingsport, Tennessee. He then directed mittee D-13 of AS.T.M. since 1929, chairman of 
4 career detinitely toward dye chennsts holding the Federal Specifications Board's Technical Com 
ue posttior ind: Wiberg of Ci niittee on Textiles since 1941, and chairman of the 
cimmati, the Newport ¢ Maly e, and Intersocrety Council for Textile Research since 1944 
é, finally the National Bureau of Standards, the  statt He has been a member of the Advisory Committee 
4 of which he jomed as a dye chenust m 1922. His for Screntitic Research ot The Textile Foundation 
pectrophot er u eCasure or a number of vears, and a member of Textile 
ment eing methods, and testing Research Institute since its origin in 1930 the 
lve especiall ot the ct ! hohe Ive | S_ Institute for Pextile Research, seTVing as chair 
textile t te tact th the in ot its Research Advisory during the 
a th t yht tastness eriod [938-45 
. F of the American Association of Textile Chemists and Without further attempt to list his many affiliations 
Colorists, which he ned im 1924. nterest r recount hts accomplishments, it is clear that the 
tentile creased ray | | hid ! influence bell wship Committee had no difficulty: whatsoever 
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January, 1950 


in selecting Wiliam Dunford Appel as a Four 


Fellow of T.R.1 


Frederic Bonnet 


Our second Founding Fellow, alphabetically speak 


Dr. Frederic Bonnet, |r. Born im St. Lours, 
Missouri, he received his B.S. degree im chemustry, 
cum laude, from Washington University in St. Louts 
in 1899, then pursuing graduate studies at Harvard, 
where he was awarded the Ph.D. m 1903.) While 
\ppel began as a zoologist, Bonnet apparently in 
itially intended to pursue a teaching career (one can 
never tell who will turn into a textile technologist 
\fter a vear as instructor m chennustry in the Medi 
cal Department of the State University of Lowa, he 
served successively as instructor, assistant professor, 
and professor of chenustry at Worcester Polytechni 
Institute 

In May, 1918, he entered into a brief period im 
the government research held as Chemist ot 
the U.S. Ammonium Nitrate Plant of Perrypomt, 
Maryland, but in December, 1918, the industrial 
research bug finally Int him and he has been infected 
ever since. At that time, he joined the Atlas Powder 
Company, serving as director of the Foreite [expl 
sives Laboratory and later of the Wilmington Ex 
perimental Laboratory During this period with 
Atlas, Dr. Bonnet made several trips to Germany to 
investigate the cuprammonmium process for making 
“artificial silk” and in 1920 he spent 3 months par 
ticipating technically in its production in a German 
plant In 1925 he joined the American Viscose 
Corporation, where he developed a sales service cle 
partment, which later became the Textile Kesearch 
and Standards Department and finally the Standards 
Department when the Textile Research Department 
was established im 1939.) He retired as Director of 
the Standards Department im 1946 to become techni 
cal advisor to the president of American Viscose 


Those who have visited the Avisco Standard 


Department at Marcus Hook will agree that it stands 


as a monument both to a career of technical achieve 
ment and to the “rayon ambassador to the Amer 
can public.” He played a salient role in demor 
strating to converters, dyers, and finishers that 
ravon could be made into a reasonably stable fabric 
if overstretching is avoided. While a considerable 
number of his many published papers might I 
classed as “informative” rather than origimal techni 
cal contributions, all of them reveal a deep but pra 


tical knowledge ot textiles, which, applied to con 


enormous vortanece Hlis present ilvsis of the 
fabric flammability problem and its clear presenta 
tion before state legislatures congress an 

niittees uly teciy wt a r contribu 

tion both to the ravon industry and to public satet 
Dr. Bonnet has beer clive pr mal 


organizations Hle has been a Fellow of the Amer 
can Assocation for the Advanee ent of Scrence since 
1906, a member of the American Chemical Society 
the American Association of Textile Chemists and 
Colorists, The Fiber Society, and has been active in 
A.S.T.M He is one of the four honorary members 
of the American Association of Textile Technologists 


and served for several terms as a Director of TR. 


and as a member of its Research Advisory Conmiut 
tee \s whe has made and s continuing to 
make great and valuable contmbutions to textile 


technology, it is certainly fitting that Frederic Bonnet 


Edward R. Schwarz 


We now come to the third member of our triun 
virate of Founding Fellows, Prof. Edward Robinson 
Schwarz. The few remaming moments permit only 
a cursory glance at his long and varied list of 
vements at d honors Born | iwretnice, Mas 
sachusetts, it was natural that he should attend 
and study textiles 


for a vear in order to work in a mill and gain an 


He interrupted his studi 


insight into practical textile problems. Returning to 


M.L-T., he was appomted a research assistant mi the 
Textile Section and received the Bachelor of Science 


degree in 1923. It is apparent that he liked M.117 


| 
quite well, for he stayed on with successive apport 
ments as researcl tint istructor, assistant incl 
isso te protessor unl ill prote or of textile 
technology and Head the Textile Diviston Hut 


lkdward Schwarz completed his studies in the Textile 
Section, nor were there offered graduate courses in 
textile research While Schwarz liked well 
enough to stav, he was not satished with that inst: 
tution’s facilities for textile education and research 
hence, he set out early to build what ts now one of 
the finest institutions of this type in the world. But, 
as he built, the building became easier with each vear, 
for he de veloped rapidly into one of the world’s out 
standing textile scientists and educators. Slater Lab 


oratory stands, in most minds, as a monument to 
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70) 
‘ rz persever t t 
Thee } unl their a } 

ents represents his remarkable Le ible record 
to an extent equaled only by the value 1 scope 
of the ork reported im hn t | cation 

il nust have been a ver 
thi per the Texts eve 
in outstand educational progra ind produ 
thuable research m great rut Ne 
he | l tune tor ther act tre here } tr 
ti ha heen tt reat | t | 
he remembered that he et 1 activel the Ad 

ory r Scientific Research of The 


Pextile Foundation and selected and supervised the 
research of eighteer Pextile Foundation bellows 
Pheir worl published mainly om the predecessor t 
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titutes further evidence of | enere nd scientific 
Furthermore, he w large responsible for 

t} pha t the « yy wee 

Phe Textile Foundation and [tt coopera , 
t! etl rt seems to be Ine trunt tr ! 

theretore be paid to chwarz Incrdentall le 

erved as a Director of TRL. for 10 years and was 
Vice-President for 5 years, 1935-40 He has been 


an important factor in developi 
lication program and still serves as an Assoctate 
Editor of Textine Researcn JouRNAtI 
Professor Sehwarz has been a Fellow ot TI 

Pextile [nstitute of Great Britain since 1934, 
Fellow of AJAJAS., and an honorary member of the 
Amenecan Thread Institute He holds membership 
ino many other screntihe socreties ind was given the 
signal honor of the Olney Medal by 
1047 


It would be hopeless to attempt briet account 


Wor \\ | vhere | ecte 
researc] later lLaborat rthe Fores 

ind the Office Phe Quarter ster General a 
t er t} Scrent \ ! il t 
the Keseare] ind) Deve | r tar 


Tecunica. Textie Booxs 


Textile Fiber Atlas 


American Wool Handbook 


Textile Brand-Names Dictionary 


Introduction / 


Principles of Textile Converting 


Yarn and Cloth Calculations 


consultant to the Textile Section of 303 Fifth Avenue 


New York 16, New York 


eee 


ts 
‘fy 
on Bergen and Krau 
Ws 
vy revised edition, 1040 
ican Cotton Handbook 
4 
Veer Vacormac, and Mauersherqe 
$9.50) 
; Second edition, 1949 oS 
| n Bergen and Mauers roe ON NG 
econd edition, 1948 
q \ Standard Reference Book 
-- Richards & Geter 80.00 
q an 
al 
Lloyd H. Jackson $6.60 
All Numbering Systems, Conversion Tables 
Sehwat researc he vhich embrace the ind 
polis and che try of all ot tiber well 
is varns and fabrics made from ther But Textile Chemical Specialty Guide 
ae 
Wlanning Division, MiGs. meniber t the \d | 
Const 
To Edward Robinson Schwarz then, nehtly | 
fe longs the honor of Founding Fellow of 
4 


TEXTILE RESEARCH INSTITUTE, INC. 


10 EAST 40TH STREET, NEW YORK 16, N. Y. 
TELEPHONE: LEXINGTON 2-2198 


OFFICERS 


A. G. Ashcroft, President Richard T. Kropf, Treasurer 
Kenneth Wilson, Vice-President D. B. MacMaster, Secretary 


BOARD OF DIRECTORS 
Term Expires 1952 Term Expires 1951 Term Expires 1950 


Norman C. Armitage F. Eugene Ackerman A. G. Ashcroft 
Andre Blumenthal Joseph Brant Robert Burns 
Ephraim Freedman Miles A. Dahlen W. J. Fullerton 
Thomas G. Hawley, Jr. Bertrand Hayward J. B. Goldberg 

G. P. Hoff Richard T. Kropf Henry Herrmann 
Jules Labarthe, Jr. H. Wickliffe Rose C. H. Masland, II 
Donald H. Powers Leonard Smith Edward T. Pickard 
W. Bailey Sellars Kenneth Wilson H. Gordon Smith 


EXECUTIVE COMMITTEE 


Kenneth Wilson, Chairman J. B. Goldberg 


A. G. Ashcroft Richard T. Kropf 
Andre Blumenthal H. Wickliffe Rose 


DEPARTMENT HEADS 


John H. Dillon, Director of Research 

Julian S. Jacobs, Director of Publications 

James H. Wakelin, Associate Director of Research 

P. C, Alford, Administrative Assistant to Director of Research 

K. Lanse Turner, Assistant to Director of Research, Field Engineer 


RESEARCH ADVISORY COMMITTEE 


Miles A. Dahlen, Chairman H. M. Chase Richard T. Kropf 
William D. Appel Warren E. Emley Brackett Parsons 
A. G. Ashcroft J. B. Goldberg Hugh S. Taylor 

F. Bonnet G. P. Hoff Werner von Bergen 
Malcolm E. Campbell Albert C. Walker 


THE TEXTILE FOUNDATION 


INDUSTRIAL BUILDING, NATIONAL BUREAU OF STANDARDS 
WASHINGTON 25, D. C. 


PUBLICATION OFFICE: KENT, CONNECTICUT 


BOARD OF DIRECTORS 


Franklin W. Hobbs, Chairman Charles F. Brannan, Secretary of Agriculture 
Frank D. Cheney, Treasurer Charles Sawyer, Secretary of Commerce 
Donald Comer Edward T. Pickard, Secretary and Assistant Treasurer 


ae 
| 
| 
{ 
| 
1 
! 
a 
| 
% 
q a3 
| 
al 
aime 
Ae 
we 
‘ 
ak 
fy 


be 
AIMS OF TEXTILE RESEARCH INSTITUTE, INC. 
7 To promote, cultivate, facilitate, 
and conduct textile research 
AIMS OF THE TEXTILE FOUNDATION 
To engage in economic and scientific 
research for the benefit of the textile 
industries and their allied branches 
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